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Academy Symposium 

SOLAR ENERGY 

Bruce Nimmo, Chairman 

College of Engineering, Florida Technological University, Orlando, Florida 32816 

TuHE 1976 Academy Symposium topic, Solar Energy, is indeed a 
timely one for the State of Florida and the nation as a whole. The 
crisis of energy availability persists, with many claiming that the 
truly difficult problems will be facing us in the near future. Solar 
energy, outstanding in extent and environmental acceptability, 
rises to the fore in any discussion of the energy dilemma as surely 
as the sun rises each morning. 

Summary papers were presented at the symposium covering 
the historical development and present state of the solar industry, 
the importance of equipment testing and standards, the activities 
of the internationally known Solar Energy Laboratory of the Uni- 
versity of Florida, the role and scope of the newly formed Florida 
Solar Energy Center, and finally a survey of projects under way at 
the Georgia Institute of Technology and their relation to major so- 
lar research and development projects around the world. 

Hopefully, the exchange of information, the bringing together 
and summarizing of the literature and the opportunity for discus- 
sion will help bring the date for large scale utilization of solar 
energy a little closer for the State of Florida, the United States and 

the world. 



Academy Symposium 

TESTING OF FLAT PLATE SOLAR COLLECTORS AND 
SOLAR HOT WATER SYSTEMS 

BrucE NIMMO 

College of Engineering, Florida Technological University, Orlando, Florida 32816 

Asstract: The introduction to the marketplace of solar equipment which does not meet per- 
formance expectations can have a serious detrimental effect on the industry and solar energy utili- 
zation in general. The equipment which industry produces must be efficient and well constructed. 
The best method of assuring that this will be the case is to have available a well thought out and ex- 
ecuted solar equipment testing program. This paper reviews some flat plate collector and solar water 
heater testing literature and describes programs presently in existence. The theoretical basis for flat 
plate collector thermal performance criteria is discussed as are collector diagnostic testing techniques. 

AN ISssuE of considerable interest and importance to both consumers and 
manufacturers of solar equipment is the testing of solar components and systems. 

The emerging solar industry in the State of Florida, as well as in the rest of the 
country, suffers from a lack of uniform, definitive, acceptable procedures for 

such testing. As a result, shoddy or inoperative equipment of poor materials, de- 
sign, or both, has found its way to the marketplace (Schwartzman, 1975). 

The equipment which the industry produces must be efficient and well con- 
structed, it must be durable and it must perform the job for which it was pur- 
chased. The user of the equipment must be able to specify the performance, both 
thermally and structurally, in a meaningful manner so that he will know after the 
equipment has been installed what he can expect of it. 

If a set of standard test criteria is not developed, there is great potential 
for user disappointment with consequent destruction of trust and confidence. 

The result, of course, is unfavorable impact on current and future markets and 

serious delay in reaching the date when solar energy can make a meaningful con- 
tribution to the state and national energy budgets. Legislation is being developed 
for consideration by the Florida State Legislature to ensure that proper testing 
capability will be available in the state (Yarosh, personal communication). 

The discussion of collector testing which follows is limited to the flat plate 
collector, the single most common solar device for both past and present appli- 
cations. 

COMPONENT AND SYSTEM TEST PROCEDURES Prior TO 1974—Development of a 
rational and useful solar collector test procedure requires familiarity with the 
analytical models which have been developed to enhance our understanding and 
predict the performance of such collectors. Two classic works which present 
flat plat collector analytical models are those of Hottel and Woertz (1942) and 
Hottel and Whillier (1958). These authors have applied basic techniques of ther- 
mal analysis to predict the amount of useful heat which can be collected using a 
“conventional” flat plate or “deck” beneath a transparent cover with the under- 
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side of the unit insulated to reduce downward heat loss. The useful heat gain is 
interpreted to mean the energy increase of the collector fluid as it passes through 

the collector 
The expression for the collector fluid energy gain may be expressed in terms 

of collector parameters as 

Collector energy = Fluidflow x Specificheat X Inlet to Outlet 
gain rate rate of fluid Temperature Rise 

of fluid 

By measuring the individual items on the right hand side of this equation it is 
possible to calculate the useful energy gain. The collector heat gain rate may also 

be expressed as 

Collector energy = Solar irradiation — Solarradiation — Heat losses 
gain rate rate reflected from from collector 

glazing to sky 

In working equation format, these relationships become 

q,/A=mm c, (T;..-T;.;) (1) 
qu/A =e F,[I(ra).-U,(T;,,-T.)] (2) 

where 

q./A=rate of useful energy collection per unit collector area 
F,, = heat removal factor which accounts for the fact that the energy losses 

are based on the difference between fluid inlet and ambient temper- 
ature instead of average plate temperature and ambient 

I= total incident solar radiation 
(ra). = effective transmittance (7) and absorptance (a) product of the cover 

plate (s) and absorber surface combination 

U, =overall collector heat loss coefficient 

T, =ambient air temperature 

T,., = fluid inlet temperature 

T;,., = fluid outlet temperature 

If one divides both sides of the second equation above by I, the total incident 
radiation, a useful and commonly used collector efficiency, 7, results. 

| qu/A =F, [(ra.-U,(T,.:-T,)] 

HI I 
(3) 

Collector testing generally aims toward determining .either the useful heat 
pickup or the collector efficiency. 

Two early suggestions for standard experimental tests of flat plate collector 
solar water heaters were by Robinson and Stotter (1959) and Whillier and 

Richards (1961). The first paper discusses four parameters which it is suggested 

should be determined for performance ratings: 
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1) Thermal efficiency of the collector. 
2) Aerial efficiency of the collector to reveal efficiency of space utilization 

(calculated as Agctive/Atota)- 

3) Orientation efficiency determined from the angle between the incoming 
rays and a perpendicular to the collector (a moveable collector which con- 
tinuously “faced” the sun would have an orientation efficiency of one). 

4) Heat Storage Coefficient which reflects the overall heat transfer loss coeffi- 
cient from the tank. 

The paper by Whillier and Richards made a strong plea for international 
adoption of a standard test procedure for rating the performance of solar flat 
plate collectors on an instantaneous efficiency basis. The carefully controlled 
testing technique called for appears to have had considerable influence on the 
National Bureau of Standards test procedure (Hill and Kusuda, 1974). Whillier 

and Richards make the suggestion that (ra), and U, can be determined from the 
instantaneous efficiency data. A description is given of the standard test appara- 
tus which was set up as part of the basic facilities of the South African Council 
for Scientific and Industrial Research in Pretoria. 

Numerous experimental test results for both collectors and solar water heater 
systems were reported in the literature during the 1950's, 1960's, and early 1970's 
with widely varying levels of sophistication in the experimental work. The works 
of Khanna (1968), Czarnecki (1958) and Whillier and Saluja (1965) are repre- 

sentative of the tests performed. Khanna and Czarnecki were concerned with 
total water heater systems (the former under actual “in use’ conditions in India, 
the latter under simulated conditions in Australia). Khanna’s paper lacks numeri- 
cal or graphical results for the test conducted with corrugated galvanized sheet 
collectors. These collectors had life times of 2-4 yr depending upon the headers 
used. Czarnecki found that for the field trials in Australia the mean yearly con- 

tribution of solar energy to the hot water supply ranged from 61% to 81%. Whil- 
lier and Saluja placed greater emphasis on the solar collector itself, examining 
not only the details of the collector components but also discussing briefly diag- 
nostic analysis of collector performance including bond conductance and selec- 

tive surface degradation. They showed that weathering can have serious detri- 
mental effects on certain selective surfaces. 

Doron (1965), in a brief technical note has described two test methods (iso- 

thermal and varying temperature) used in the National Physical Laboratory of 
Israel in the early sixties. He points out that there are two possible operation 

modes for collectors; the “boiling” mode when the collector is essentially iso- 
thermal and the “heating” mode when the collector fluid enters at one tempera- 
ture and exits at a higher temperature. Of course, in large collector arrays each 
collector may operate with only a small temperature rise and thus be well 
modeled by the “boiling” mode even though, in fact, no phase change takes 
place. 

The Standards Institution of Israel (1966) established and published (S.I. 609) 

a standard for solar water heater test methods which led to collector efficiency, 
determination of the hot water output of the water heater, and system efficiency. 
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Nevins (1974) has described a variety of approaches used in Australia for test- 

ing solar collectors. These include simple comparative testing against a “stan- 
dard” unit, detailed testing to determine collector loss coefficients and radiation 
absorption coefficient’, and total system performance tests. 

The results of a series of 3 wk solar hot water system tests, under a variety 
of simulated practical domestic conditions was described by Chinnery (1971). 

RECENT SOLAR TEST PROCEDURE DEVELOPMENTS—A number of testing pro- 

cedures were discussed at the National Science Foundation Workshop on Solar 
Collectors for Heating and Cooling of Buildings held in 1974. Lior (1974) pro- 
posed a daily heat capacity rating in lieu of efficiency tests in order to provide an 
operationally meaningful criterion for the customer. It indicates the effective 

quantity of heat collected during one day of each month for which solar collec- 
tion is needed, at the general locality at which the collector is to be used. 

The National Bureau of Standards (NBS) recommended test procedures, as 
developed by Hilland Kusuda (1974) and discussed by Hill (1975), lead to obtain- 

ing the efficiency of the collector under “steady state” conditions. Since the tests 
are specified for performance under real sunlight conditions they are in fact 
“quasi steady’. The series of tests which are run at different temperature levels 
consist of determining the average collector efficiency for 15 min periods by 
measuring the flow rate through the collector and the temperature rise across 

the collector. For each test period constraints are given for cloud cover, ambient 

temperature variation, minimum insolation rate, incident angle between sun and 

a normal to the collector and instrumentation error levels. Kelly and Hill (1974) 
have presented test procedures which were developed at NBS for testing of ther- 
mal storage devices. These tests are designed to determine the heat loss factor 
for the unit and the response to step increases and decreases in the entering fluid 
temperature. An excellent review of the background for the NBS work is presen- 
ted in Hill et al. (1976). 

Lee (1974) prefers the calorimetric test method which avoids some of the 

difficulties and instrumentation costs experienced with the mass flow-tempera- 
ture rise across the collector technique described by Hill above. The calorimetric 
procedure is based on a closed system in which the heat from the collector is 
stored in a large volume of well mixed water and the time rate of change of the 
temperature in the tank is measured to determine the energy rate pickup of the 
collector. The primary operational advantage of the technique is that only one 
variable need be monitored, the storage tank temperature, as opposed to, say, 

the NBS technique which requires measurement of flow and temperature. A po- 

tential drawback to the calorimeter approach is that one never achieves a steady 
state for fluid temperature. A result of this is, of course, that the thermal capaci- 

tance of the collector must be taken into account in the data reduction. 
Simon (1974) has described a program carried out at the NASA Lewis Re- 

search Center for testing of collectors under conditions of simulated solar radi- 
ation. The advantage of the indoor solar simulator approach is that true steady 

‘Equivalent to (ra).in equation 2. 
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state is achieved under controlled conditions of environment. The drawbacks 
are expense and potential mismatch between the true and simulated solar spec- 
trum. The latter is particularly important in the case of so-called selective sur- 
faces where performance is spectrally dependent. Results indicate the NASA- 
Lewis simulator has good spectral qualities and the indoor data are well 
correlated with those taken outdoors. 

Two system-oriented mobile test facilities have been described in the litera- 
ture. The Honeywell (1974) transportable solar laboratory was designed and 
built primarily as a means of evaluating “on board” solar heating and cooling sys- 
tems under various climatic conditions. It also served as a traveling demonstra- 
tion unit to acquaint the public with solar systems and capabilities. Nimmo and 
Larsen (1976) have described the design and development of a mobile solar test- 

ing and recording system to be used in the monitoring of “in use” solar hot water 
systems in the State of Florida. The design calls for capabilities of making appro- 
priate measurements on both the older thermosyphon units and the newer 

pumped systems. 
Most of the above material related to thermal performances. There are, of 

course, numerous other criteria (structural, safety, durability/reliability, main- 

tainability) which must be considered in collector specification. A document 
which addresses itself to many of these other aspects is the NBS report “Interim 
Performance Criteria for Solar Heating and Combined Heating/Cooling Systems 
and Dwellings” (NBS, 1975). 

Finally, mention should be made of the fact that commercial collector test 
facilities have been established at a few locations in the country and that a num- 

ber of collector manufacturers have taken advantage of the services offered. 
From this summary of testing activities, it is apparent that the large number 

of thermal performance tests reported in the literature may be grouped as shown 
in Table I. Although other related components such as auxiliary energy supplier, 
control devices and energy transport machinery might be added to the com- 
ponent list, these devices typically are common in conventional heating, venti- 

lating and air conditioning design work and have been subjected in many in- 
stances to the tests of time and large scale usage. 

TABLE 1. Thermal performance testing of solar components and systems. 

Component System 

-Collectors -No load tests 

-Test type: flow- AT or 
calorimetric -Simulated load 

solar or 

solar simulator -In situ test with 

-Purpose: Thermal system design actual loads 

or collector diagnostic 

-Storage 
-Loss coefficient 
-Transient response 
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If a collector test is being performed to obtain information needed to fulfill 

a thermal performance specification’ which has been written for a given sys- 
tem, then the amount of useful heat output or the collector efficiency as a func- 
tion of environmental conditions would generally be satisfactory. If, on the other 
hand, the test is being performed to obtain information for a prescriptive specifi- 
cation or if the test is conducted as part of an R and D program on collector de- 
sign, the greater detail is usually required in the conduct of the tests and presen- 
tation of report data. The National Bureau of Standards uses a modified form 
of equation 2 which is useful in obtaining diagnostic information from collector 

tests. By basing the energy losses from the collector on the difference between 
the average fluid temperature and the ambient temperature the following ex- 
pression results. 

n=F’ (ta).-F’'U,(T;,, + T;..)-Ta 

2 

I 

= F’(ta).-F’U_AT/I 

Streed (1975) has pointed out that by plotting the measured efficiency as a 

function of AT/I for a range of exposure condition, the collector performance 
can be characterized as shown in Figure 1. The y axis intercept is related to an 
experimental value of (ta), and the slope related to an experimental value of 
U,. Figure 1 (Simon, 1973) suggests a linear relationship between 7n and AT/I. 

y intercept = F'(Ta)e 

Slope = F'U) 

g 

COLLECTOR EFFICIENCY, % 
° 04 08 12 % 20 24 28 32 36 40 

Iti + The 

nya iia rere 
j Btu 

Fig. 1. Efficiency for a flat plate collector using water as the transfer fluid (Simon, 1973). 

‘The phrases performance specification and prescriptive specification have the following connotation. A 
performance specification devotes the results to ie achieved, such as BTU’s of heat to be provided, a prescrip- 
tive specification describes the means to achieve desired results such as use of antireflective coatings (Hartman, 
1974). 

F’, which is the ratio of actual useful energy collected to the useful energy collected if the entire collector 
surface were at the average fluid temperature, is termed the collector efficiency factor. F’ may be determined 
analytically for several common flat plate collector designs (Whillier, 1966). 
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However, it is recognized that in reality U,, is not a constant but rather a func- 
tion of the collector and ambient temperatures. In addition, the product (ta), 
varies with the incident angle to the collector. (A variation of about 4% can be 
expected from 0 to 30 degrees). For common flat plate collector designs, the non- 

linearity of the curve will tend to show up at higher operang temperatures. 
Streed (1975) has presented information on the interrelation between sub- 

systems (components) and systems. He points out that tests covering most aspects 

of the performance attributes are required to fully identify the subsystem charac- 
teristics for the system designer to investigate their usefulness in the various func- 
tional applications. Streed has suggested the listing shown in Table 2 as repre- 

senting some of the more significant system design requirements and pertinent 
sub-system test parameters. 

TaBLE 2. Relationship between subsystem and system performance. 

System Design Requirements Subsystem Test 

ENERGY COLLECTION 
Effective Absorptance 7 
Heat Removal Factor Fr 

Loss Coefficient U,,k,t 

Thermal Response (C,)e 
Efficiency vs. T & I m C, (AT) 

I 

ENERGY STORAGE 

Storage Tank (C,)s 
Hot Water Tank | (Cae 
Stratification T/d 
Heat Transfer Rates m C, ( T)t 

ENERGY TRANSFER 

Circulation Pump P. 
Heat Exchanger Me 
Control Tr 

AUXILIARY ENERGY Ey 

CoLLecTor TILT ANGLE Latitude & 
Collector Angular 
Response 

Total system testing is most effectively done, of course, on site. The on site 

test is uniquely suited to answer the ultimate question, “Is this system a sound 

choice from the economic point of view.” Naturally, if the system is a prototype, 
allowances must be made for the inherent additional costs. This would be true 
for essentially all solar systems except solar water heaters which are beyond the 
prototype stage. 

Two major efforts are presently under way by technical societies in the 

United States to assist in evolving standards for solar testing and cooling. The first 
is the work of the American Society for Testing and Materials (ASTM) carried 

out under subcommittee E21.10 Solar Energy Utilization. This work was insti- 
tuted at a meeting held in Philadelphia in October, 1975. Several working groups 
have been established in the areas of materials and thermal performance. 



No. 3, 1976] NIMMO—TESTING SOLAR COLLECTORS 137 

Two special subcommittees have been appointed by the American Society 
of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE). The stan- 
dards work for thermal testing of collectors is being carried out under subcom- 
mittee 93-P and the standards for solar thermal energy storage are being studied 
by subcommittee 94-P. A report will be made to the ASHRAE standards com- 
mittee in mid 1976. There appears to be a feeling that ASHRAE’s responsibility 
should be limited to thermal testing of collectors while ASTM should have re- 
sponsibility for durability and reliability of materials. The latter should include 
the behavior of the collector under “stagnation”, or no flow conditions. 

It is clear that the emerging solar industry as well as the emerging solar mar- 

ketplace is urgently in need of standards and that the professional-technical so- 
cieties and the federal government are moving to meet the need. Meanwhile, 
the potential solar customer should abide by all of the conventional wisdom re- 
quired when one associates with a new product. 
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Academy Symposium 

PRACTICAL APPLICATION OF SOLAR ENERGY 

IN FLORIDA’ 

Douc ass E. Root, Jr. 

Engineering Consultant, Applied Solar Energy, 16 Interlaken Road, Orlando, Florida 32804 

AsBsTRACT: Promotion of cheap electricity and gas for mass-produced water heaters in the post 
World War II era led to the demise of the solar energy industry in Florida. The recent OPEC oil crisis 
precipitated renewed interest in solar energy for many uses. Solar water heaters are a mainstay for 
domestic users and construction materials, design parameters and designs are provided with notice of 
limitations of each type. Flat plate collectors have advantages over concentrating collectors for do- 
mestic use but are more limited in applications where temperatures more than 180°F are required. 
Beyond domestic water heating, solar energy can be stored for cooking or for heating and cooling a 
house but these uses are not yet cost-competitive with fossil fuels. Recovery of potable water by solar 
stills has been important in the past and is re-emerging with some urgency as population pressure 
creates increasing demands on available supplies. Entry of new disciplines into consideration of 
solar energy holds promise for expanded exploitation of our only continuously renewed natural re- 
source—the sun. 

THE past two years have seen the re-emergence of a fledgling solar industry 
in Florida. Companies large and small are vying for an elusive and ill-defined 
market for solar hardware. Some of them manufacture components, some total 
solar systems. 

In some ways this activity conjures up visions of times past, for during the 
first half of this century a small solar industry enjoyed healthy development in 

Florida. For reasons to be discussed subsequently, that industry faltered during 
the 1960’s and by 1970 the last vestiges of it had all but disappeared. But in other 
ways, the current re-emergence bears no resemblance to the past, for the reasons 
which have led to renewed activity in solar manufacturing, research and de- 
velopment are broader in scope and more persuasive in nature than the pressures 

which led to the solar activities of 1900 to 1960. 

‘Copyright 1976 Douglas E. Root, Jr., Orlando, Florida. All rights reserved. No part of this article may be 
reproduced by any means, nor transmitted, nor translated into a machine language without the written permis- 
sion of the author. 
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To place current interest in perspective, it may be well to trace the rise and 
fall of previous solar activities in Florida which reached their peak in the 1950’s. 

History—Inland Florida of the early 1900’s was largely rural and agricul- 
tural. The road system, until well into the 1920's, was only partially passable 
much of the year because of seasonal inundation of the many and broad flood 
plains throughout the state. Rural electrification was largely limited to the rail 
and navigable river corridors until the Florida land boom of 1925-27. Natural 
gas was not natural to most of Florida until Florida Gas installed a major gas dis- 
tribution network in the 1960’s. 

By the 1920’s plumbing was moved indoors, and it was natural that the old 
barber shop signs which read “Bath—10¢ (first water—20¢)” would begin to dis- 
appear. “Hot water in every room’ appeared on billboards advertising Florida 
accommodations and it became fashionable to bathe more often than once a 
week. These changes in social customs required a source of low temperature 
energy and Florida’s citizens had more sunshine than money available to them 
in those days. 

Early Patents: A patent peripheral to the basic principle involving the trans- 

parency of glass to the solar spectrum and its opacity to long wave length heat 

radiation was issued to D. Rice in 1867 (U. S. patent no. 68459). In 1889, Charles 

Davis of Pasadena, California, “invented certain new and useful improvements 

in solar water heaters,’ according to records in the U. S. Patent Office. Many 
other patents covering solar devices were issued between then and World War 
II. These early patents included: 

NUMBER’ DaTE PATENTEE AND ADDRESS 

966,070* Aug. 2, 1910 Wm. J. Bailey, Monrovia, Calif. 

1,003,514 sept. 1971911 L. L. Roundtree, Cotton, Calif. 

1,014,972 Jan. 16, 1912 T. F. Nichols, Bay, Ariz. 

1,042,418 Oct. 29, 1912 A. H. Evans, Freeport, Ill. 

1,056,861 * Mar. 25, 1913 T. W. Walker, Monrovia, Calif. 

1,074,219 Sept. 30, 1913 F. A. Skiff, Pakta, Mass. 

1,093,925 Apr. 21, 1914 H. L. Foresman, San Dimas, Calif. 

| 705) 8 a Oct. 9, 1917 Wm. J. Bailey, Monrovia, Calif. 

1,250,260 Dec. 18, 1917 G. Wilcox, Buena Park, Calif. 

1,258,405 Mar. 5, 1918 D. A. Harrison, Los Angeles, Calif. 

1,338,644* Jan. 13, 1920 E. D. Arthur, Arcadia, Calif. and W. G. 

Carther, Arcadia, Calif. 

1,473,018° Nov. 6, 1923 F. E. Danner, Willows, Calif. 

1,672,750 June 5, 1928 W. Christiansen, Miami, Fla. 

1,837,449 * Dec. 22, 1931 C. F. Kunz, Phoenix, Ariz. 

1,849,266° Mar. 15, 1932 F. J. Bentz, Miami, Fla. (storage tank) 

1,853,480* Apr. 12, 1932 H. A. Wheeler, Miami, Fla. and F. J. Bentz, 

Miami, Fla. 

1,888,620 Nov. 22, 1932 W. F. Clark, Philadelphia, Pa. 

1,889,238 Nov. 29, 1932 Assigned to Automatic Electric Heater Co., 

Pollstoren, Pa. 

2,065,653" Dec. 29, 1936 H. M. Carruthers, Miami, Fla. 

*Patents marked by an asterisk (*) are of the type of construction generally used in conventional solar water 
heaters. (Veltfort, 1942) 
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222-82 July 5, 1938 O. H. Mohr, Oakland, Calif. 

2,133,649 Oct. 18, 1938 C. G. Abbot, Washington, D. C. 

2,141,330 Dec. 27, 1938 C. G. Abbot, Washington, D. C. 

2,202,019 May 28, 1940 O. H. Mohr, Oakland, Calif. (cooler) 

2,205,378 Jan. 25, 1940 C. G. Abbot, Washington, D. C. 

2,,202,756* May 28, 1940 S. Cline, Miami, Fla. 

2,208,789 * July 23, 1940 B. H. Cally, Miami, Fla. 

2,213,894" Sept. 3, 1940 E. J. Berry, Orlando Park, Fla. 

(45% to E. T. Buron, Winter Park, Fla.) 
2,247,830 July, 1941 C. G. Abbot, Washington, D. C. 

2,249,642 July 15, 1941 E. T. Turner 

Patents meant little to the early builders of solar water heaters. The agrarian 
population living in Florida during the first quarter of the 20th century, by neces- 

sity, was skilled in building and repairing mechanical devices. Many solar water 
heaters were built by home owners to provide hot water on the farm or in groves 
where the sun provided the only readily available or affordable source of thermal 

energy. They most often were made up of blackened iron sheets to which the 
builder had clamped iron pipes arranged as in Fig. 1. Those early heat collector 

decks were housed in thick wooden boxes which were usually covered with glass 
(Veltfort, 1942). A collector area of about 12 sq ft per person was required.* The 
whole south-facing system was ground mounted and connected to a large storage 
tank (20 gallons per person served) resting on an elevated platform. Judicious 
arrangement of the connecting piping allowed natural circulation of the sun 

heated water. Internal convection caused the stratification of the hottest water 
near the top of the tank, and the systems provided domestic hot water around the 

clock for thousands of homes in Florida by the 1920’s. 

: hot water to house 

1 gate valve 

—_—a inlet drain cock 

hot water from collector 

solar storage tank 

gate valve 

cold water to collector 

water drain cock 

collector drain holes 

Fig. 1. Sketch of a thermosyphon solar water heater (after Partington, et al., 1975). 

As many of the events reported here occurred before the American scientific community had embraced the 
International System of Units and because much of the rest of it deals with such hardware as pipe and hot water 
tanks which are sized in inches and feet or U. S. gallons, traditional English engineering units are used except 
where research data cited were reported in metric units. 
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Early Manufacturers: Soon, roofing and plumbing contractors discovered 
that the making of “storeboughten” solar water heaters added a lucrative new 
product line to their shelf item hardware. During the 1920’s and 1930’s dozens 
of them began to manufacture and to refine flat plate heat collectors. A few com- 
panies were formed for the sole purpose of making and installing solar systems. 
By the 1940's many heat collectors were being made with copper heat decks to 
which copper tubes were soldered at about 6 in intervals. They still depended 

upon the natural circulation caused by the density difference of the water in the 
hot and cold legs of their piping, but they were more efficient than their prede- 
cessors. The wooden box had given way to a more durable one made of metal 
which contained insulation in the form of sheeting such as “Celotex” or even 
mineral wood or sawdust (Hawkins, 1947). In the northern part of Florida, the 
units were often covered witi two sheets of glass instead of one. This produced 
an insulating dead air space which allowed units in the colder parts of the state 
to operate at acceptably high temperatures even in winter. Large solar storage 
tanks were available from several manufacturers, solar water heaters were being 
incorporated into some new housing, and commercial units began appearing on 
hotels and apartments. Just as plumbing had been moved indoors several decades 
earlier, the solar heat collectors were moved from the yard to the roof where 
they were less subject to accidental glass breakage and where shade from grow- 
ing shrubs and trees was less of a problem. The solar storage tanks were some- 
times housed in an imitation chimney structure or in the attic of the building 
itself. Figure 2 shows such an installation which has been in use for more than 

\ NS 

Fig. 2. A typical roof mounted thermosyphon solar water heater in Florida. 
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25 years. Figure 3 shows a ground mounted solar water heater which has been 

in use for more than 50 years. Figures 4 and 5 are from illustrations contained in 
the report on solar water heaters which Veltfort prepared in 1942 for the Copper 
and Brass Research Association. 

Fig. 3. A ground mounted 4 X 14 ft solar heat collector. The storage tank is housed in the wooden 
structure at the left. 

Veltfort (1942) listed the following solar water heater firms and their manu- 

facturing locations: 

Bentel’s Solar Heater Inc. 

Miami, Florida 

Bollinger Company 
Lake Worth, Florida 

Hot Spot Solar Heater Company 
Dixie Highway 
West Palm Beach, Florida 

Kunz Bros. & Messenger 
2 Avenue and Jackson St. 
Tampa, Florida 

Pan-American Solar Heater, Inc. 

2730-34 Northwest 2nd Ave. 

Miami, Florida (with Plant No. 2 
at 212 W. Bay St., Savannah, Ga.) 

Solar Water Heater Company 
310 Northwest 25th St. 

Miami, Florida (Branches in Nassau, 

Jamaica, Bahamas, Puerto Rico, Cuba, and Manila) 

Solar Water Heater Co. of Tampa 

Tampa, Florida 

Sol-Ray Engineering Company 
546 Ballough Road 
Daytona Beach, Florida 

Sun Heater Company 
307 South Morgan Street 
Tampa, Florida 

Sun Ray Water Heater Co. 
Sarasota, Florida 

United States Foundry & Mfg. Corp. 
Miami, Florida 

Universal Solar Heater Company 
1121 San Marco Blvd. 
Jacksonville, Florida 
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ELECTAIC 
AUMILIARY, 

Pictured above is Day & Night 
Storage Boiler extending 
through the roof and camou- 
fiaged as a chimney—a feas- 
ible and popular method of 
installation often used where 
Conditions do not permit the 
boiler to be placed under 
gable, as shown at left. 

CIACULATION CHAMBER 

FOR HEATING FLUID 

SPECIFICATIONS 

Day and Night Solar Water Heater 

SUN COIL STORAGE BOILER 

Weight 
. pes : ; Over All 

Size He Capacity Dares Installed 
i and Filled 

900 Ibs. 

1100 Ibs. 

1450 Ibs. 

2100 Ibs. 

3'0%x2’8” 

epeeealate: © ena! 6'0"x3'2” 

The SUN COIE consists of 34” seamless copper tubing 
with return bends. The coil box is 4” thick and has 3 
strips of 14” material on back to allow for air space 
between box and roof. 

RECOMMENDATIONS 

Type of Building Storage Boiler 

Small bungalow No. 8 or 10 40 gal. 

2 eats ee No. 10 or 12 60 gal. 

2-bath residence No. 12 80 gal. 

3-bath residence 2 No. 10s 80 or 120 gals. 

Extra large residence 2 No. 12s 120 gal. 

Day & Night Water Heater Co, Ltd. 
Fig. 4. A typical pre World War II catalog sheet of the Day & Night Solar Water Heater Co. 

Early Literature: Mangon (1880) in France, Ericcson (1884), the designer of 

the steel ship Monitor, and Willsie (1909) were among those who made early 
contributions to the solar literature. As time passed, significant contributions 
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BOCK WOOL HORIZONTAL TANK 

DOUBLE GLAZED 1; FLAT COPPER TUBING \CREYNOLDS METALLATION WITH 
WITH AIR SPACE CORRUGATED BACKING TWO AIR SPACES FOR INSULATION 

Pan American Solar Heater, Inc. 

Fig. 5. The Pan American Solar Water Heater Co. sold thousands of the units shown here during 
the 1930's, 1940’s and 1950's. Many of them were installed in government housing projects estab- 
lished for low income groups. 

were made by Farrall (1929), Carnes (1932), Alt (1935), Brooks (1936), Abbot 

(1934, 1939), Merle (1940), Moon (1940), Cottony (1941), and Hottel and Woertz 

(1942). 
University Participation: Solar research work at Harvard and Massachusetts 

Institute of Technology received the financial support of the Godfrey Cabot 
Foundation during the mid-1930’s, at which time there were only two other such 
programs. One was conducted in Algeria, the other at Tashkent in Russia (Hottel 

and Howard, 1971). The University of Florida and the University of Wisconsin 

initiated research programs within the next few years and it looked as if the prac- 
tical application of solar energy was off and running. By 1951, there were more 
than 50,000 solar water heaters in use in the Miami area alone (Hottel, 1955). 

BUT, something went awry— 

By the mid-sixties public interest in purchase of solar water heaters had all 
but disappeared throughout the entire United States and the marketplace no 

longer supported the industry. Accordingly, innovation for product improve- 

ment ceased as companies failed or reverted to previous product lines such as 
plumbing and roofing. Interest in solar energy continued among a few scientists 
such as Farrington Daniels who was directing much of his attention to solar stills 
to create fresh water—something which holds future promise in Florida as de- 
mands on our fragile and limited aquifers intensify with exploding population. 
Daniels (1956) had an extraordinary perception of energy problems clearly 



No. 3, 1976] ROOT—APPLICATION OF SOLAR ENERGY 145 

stated in his keynote address at the First World Symposium on Applied Solar 
Energy held in Phoenix, Arizona, in November, 1955. In any event, as popular 

interest in applied solar energy declined in the U. S., scientific and popular in- 
terest developed abroad, especially in Australia, Israel, France and Japan. 

Several causes have been suggested for the decline in American interest. 
Scott et al. (1974) summarized their south Florida survey findings as shown in 

Table 1. 

TABLE |. Reasons for discontinuing the use of solar hot water heaters. 

Absolute Percent 
Condition Frequency Frequency 

Damage caused by tank leaks 16 24.0 
Insufficient hot water 15 23.0 
Too expensive to repair tanks 10 15.0 
Replaced before failure, unit 

considered too old 6 9.1 
Poor position, shading 4 6.1 
Not safe, worrisome 3 4.5 

Booster problems 3 4.5 
Too much rust or sediment % 3.0 
Needed maintenance, bother 2 3.0 
Damaged by storms 1 1.5 
Already had conventional unit ] 1.5 
Other 3 4.5 

Tanks mounted above ceilings were generally set in drip pans to which drain 
lines were connected. However, the drain lines often became clogged with trash 
during their 10-20 yr of dormancy prior to tank failure. This meant wet and often 

falling plaster was the first warning many home owners had that their attic 
mounted solar tank had sprung a leak. As Scott’s survey reports, this turned many 
solar water heater owners toward electric or gas units. Eric Farber, long time 

director of the Solar Energy Laboratory at the University of Florida, noted addi- 
tionally that the mass purchase of fully automatic washing machines and dish- 
washers during the late 1950’s and into 1960's put too much demand on many 
solar hot water systems (Farber, personal communication, 1974). 

High initial cost had always been a deterrent to the sale of solar water heaters. 
They remained batch produced by relatively small manufacturers, but electric 
and gas water heaters, as demand grew, became mass produced by major firms. 

The solar systems stayed expensive while the electric and gas units became very 

inexpensive during the 1960's. 
The power of advertising may have been a contributor to declining public 

interest, too. During the sixties, electrical energy became so abundant that 
power companies spent millions urging the public to buy “gold medallion all 
electric homes” or to “live better electrically.” The power companies offered 
cash rebates to those who installed electric hot water heaters. During that period 
the Florida homeowners averaged paying about $0.017 per KWH for electric 
power (the 1976 average is ca. $0.04). 
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Probably because of the combined negative effects of the problems caused 
by tank leaks and others cited by Scott and Farber, and positive pressures for 
change exerted by the utility companies and conventional water heater manu- 
facturers, few solar water heaters were sold in Florida from 1960 until about 

1975 and most of the manufacturing capability was lost. 
On a national level, scientific interest dwindled. Researchers had found what 

appeared at the time to be a safe and nearly inexhaustible source of power— 

light water nuclear reactors. By 1965, only a handful of university level research 
scientists continued their interest in the solar field. Farber at the University of 
Florida, Daniels and Duffie at the University of Wisconsin, L6f in Colorado, Bliss 

and Yellott in Arizona, Hottel at M. I. T., Jordan at the University of Minnesota, 
and Telkes in New York (later Delaware) were notable among these. 

Fortunately, as noted previously, growing interest outside the United States 
on the part of numerous scientists in Australia, Israel, South Africa, Japan and 
France helped keep scientific investigation alive. The activity in Australia was 
great enough to provoke the moving of the headquarters of the International 
Solar Energy Society to Melbourne in 1970. (The Society had been formed in 
the mid-1950’s in Phoenix, Arizona, as the Association for Applied Solar Energy 
and it had sponsored the First World Symposium on Applied Solar Energy in 
that city November 1-4, 1955.) 

As the 1960's passed, solar water heaters disappeared from the roofs in Flor- 
ida—and in Arizona, New Mexico and southern California, too, for that matter. 

Solar manufacturing companies dwindled to a very few, and solar scientists in 
general devoted their efforts to other fields of research. The interest level in the 
practical utilization of solar energy can be traced as an ever descending curve 
across the last 5 yr of the sixties and by 1970 interest was almost gone. 

Something else was almost gone by 1970, too, but few recognized the danger 
signals. 

Cheap energy was almost gone— 

That fact is well understood now. In a speech delivered in Washington, D. C., 

January 30, 1976, to the American Institute of Aeronautics and Astronautics, 

Robert Fri, Deputy Administrator for ERDA, stated that proven petroleum re- 
serves will last about another 35 yr, but that uneven geographical distribution 
will cause shortages in Western bloc nations to occur far short of that time. 
That’s a sobering statement, since Mr. Fri has access to the most accurate in- 
formation available on that subject. It is not likely that petroleum can ever again 
be looked to as a source of cheap energy. 

Near cessation of construction of new nuclear power plants is documented 
in an article on atomic power which appears in the February 16, 1976, issue of 
U. S. News and World Report. Supplemental electrical energy from that source 
is going to amount to considerably less than had been expected. 

ERDA’s National Energy Research and Development Plan is excerpted and 
highlighted in a special issue of Information from ERDA dated November 21, 
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1975. It is apparent from this publication that the homeowner can expect little 
relief from constantly increasing power costs before at least 1985. That is to say, 

little relief in terms of the new technology which ERDA expects to develop and 
market. Hottel and Howard (1971) have analyzed, in depth, most suggested long 
range solutions to the growing world energy demand. 

A Near TERM PROSPECT FOR RELIEF—What about an old technology? What 
about the solar water heater? What about solar building heating? What about 
solar operated air conditioning? In Florida homes 85% of the energy consumed 
is for these three items (Farber, 1975). 

By way of answering those questions, let us review the Solar Conference of 

February 13-14, 1976, sponsored by the Associated Plumbing and Mechanical 

Contractors of Florida in Orlando. That it was attended by people from 22 states, 
including Alaska and several Caribbean countries is interesting, though not sur- 

prising. There was something surprising about that conference, however. Some 
42 manufacturers displayed solar devices ranging from differential thermostats 
to complete solar heating systems for buildings. The three largest manufacturers 
of conventional water heaters in the world displayed solar storage tanks. Two of 
the three displayed several different types of complete solar systems. Two large 
and respected aerospace firms displayed flat plate collectors and systems for 
water heating and hydronic building heating. 

The largest plumbing supply house in Florida displayed solar heat collectors 
and complete solar water heating systems which it manufactures. One of the 
nation’s largest aluminum and copper fabricators displayed both copper and 
aluminum panels with integral tubing systems made exclusively for use in solar 

heat collectors. One of the largest glass manufacturers in the world displayed 
flat plate solar heat collectors. A Texas manufacturer of air conditioning com- 
ponents displayed a tracking solar collector which utilizes a rectangular Fres- 
nel lens and is said to produce water or steam at temperatures suitable for power- 
ing absorption air conditioners. 

These were not handmade prototypes on display. These were production 
models ready for delivery now. 

Considered collectively, these displays indicate that those planning the eco- 
nomic future of some very large companies, with widely divergent interests, 

have reached a similar conclusion. Their conclusion would seem to be that the 
practical application of solar energy is going to make a comeback in the U. S. 

AVAILABILITY OF SOLAR ENERGY—Even superficial study of insolation data 
(Fig. 6, 7 and Table 2) establishes that sufficient solar energy is available, in most 

of the United States, to heat a house and its hot water or to power its air con- 

ditioner without using more than half the surface of the roof for solar heat collec- 
tion. Insolation data measured on a horizontal surface tends to give the south- 

west, and to a lesser extent, the entire south a distinct advantage in terms of the 

quantity of solar energy impinging on the surface. However, if the insolation 
figures are corrected to reflect the quantity of energy which impinges on a prop- 
erly sloped surface, the apparent locational differences are smaller. Figures 6 

and 7 illustrate this. 
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BTU per sq ft 

Jike Mie AC OM ede RS) i OaiNee ed J F M A Msyd. Jd. GAR eSae Ones 
Month Month 

Fig. 6 (left). Monthly distribution of mean daily insolation in BTUs per sq ft in Miami, Florida. 
The solid line indicates levels for a horizontal surface based upon mean daily solar radiation for 1964. 
The dotted line indicates levels for a south facing surface elevated from horizontal to an angle equal 
to the latitude plus 10°.’ 

Fig. 7 (right). Monthly distribution of mean daily insolation in BTUs per sq ft in Cambridge, 
Massachusetts, based on data parallel to that in Fig. 6. 

The solar climate has not changed since the “old” solar industry died in the 
1960's. What is to prevent the renewed interest in the sun’s energy from dying 

out again? While the solar climate hasn't changed, the energy climate has 
changed—markedly. 

Energy in the 1950’s and 1960's was so cheap it was basically free. Energy 
consumption was not even considered in most manufacturing operations. Gaso- 

line price wars were the rule rather than the exception for the last half of the 
sixties. Utility companies used every technique known to merchandisers to sell 
more electricity and natural gas at giveaway prices. That was the energy climate 
surrounding the waning Florida solar water heater industry of yesteryear. 

There is simply no hope that such a situation will occur again. Oil rich na- 
tions have realized they are custodians of an exhaustible asset which requires 

millions of years to replenish. Some responsible scientists hold that nuclear 
power plants have turned up about as many problems as they have solutions. 
Fluidized bed coal generating plants will help, but their construction will take 
time and the cost of operation is expected to be higher than the currently oper- 

able oil and gas fired generating plants. Environmentalists are less than over- 
joyed at the prospect of renewed strip mining of coal to fuel them. Wind power, 
ocean thermal gradients, bioconversion and direct production of electricity from 

sunlight—all of these things offer promise in the future, but the hardware is nei- 
ther available for mass purchase nor economically competitive yet (Harrenstien, 
1976). 

‘The values given represent a first approximation approach to the actual amount of insolation received. Geo- 
metrical considerations dictate that a sloping surface intercepts more direct or beam radiation than a horizontal 
one during the winter season. During the winter, overcast days are few and probably more than 80% of the total 
insolation is direct. Because of rain showers, however, much of the summer insolation any surface receives is 
diffuse. Tilting the surface may increase or decrease its ability to receive diffuse radiation on overcast days, cloud 
reflected radiation when cumulus clouds abound and ground reflected radiation from lakes and fields. Many 
investigators have suggested methods for evaluating both the beam and diffuse radiation received by variously 
oriented surfaces. Among them are: Moon (1940), Hottle & Woertz (1942), Brooks (1952), Becker and Boyd (1957), 
Bliss (1961), Liu and ietee (1967), Duffie and Beckman (1974), and Hottel (1976). 
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Economic Parameters: The displays in Orlando establish that solar heat col- 
lectors and complete solar water heating systems are available, but are they eco- 

nomically competitive? Opinions vary. Florida Power’s manager of energy con- 
servation doubts that many people will think that they are (Weatherington, 
1975). On the other hand, some consumers may subscribe to the economic view- 
point presented in Table 3 (Root, 1976). 

While solar building heating would hardly be considered sensible in most of 
Florida (heating is required too few hr per yr), it is stated by responsible research- 

ers to be competitive with electric heat in many parts of the United States (Fal- 
termayer, 1976; Hottel and Howard, 1971). 

Solar air conditioning offers great challenge in climates such as Florida 
enjoys since it is most needed when solar intensity is at its peak. At least some 
recognized researchers in the solar field see no reason why hardware cannot be 
produced now which will satisfy the physical and economic requirements for 
solar powered air conditioning systems (Farber, et al., 1966). 

Current Production: In 1974 only 136,540 sq ft of medium temperature heat 
collectors are thought to have been produced in the United States. The first half 

of 1975 brought increased production to 276,466 sq ft (F. E. A., 1975). The annual 
figure for 1975 is given as 675,000 sq ft by Neil Barker, Manager for Solar Sys- 
tem Sales, Glass Division, PPG Industries. 

Solar heating of swimming pools consumed 2,072,556 sq ft of low tempera- 
ture heat collectors from January through June, 1975—up from 1,137,196 sq ft 
for the entire yr of 1974 (F. E. A., 1975). 

ERDA’s catalog of solar energy heating and cooling products (ERDA, 1975) 

lists over 460 manufactured components currently being offered. Their list, by 
their own statement, is very incomplete. 

So—even though the solar climate has not changed since the 1960's, the eco- 
nomic climate is more favorable for the development of solar devices. Major 
firms with a history of backing up their products are offering wares in the solar 

marketplace. After spending less than $100,000 per yr on solar research and de- 
velopment from 1950-1970 (Hughes, 1974), the federal government spent $86 

million last year and will spend over $250 million this coming year for solar re- 
search and demonstration projects. Solar workshops throughout the country 
have been over-subscribed for more than a year. Walter Morrow, Associate Di- 

rector of M. I. T.’s Lincoln Laboratories, reflected this reemerging interest by 
titling his December, 1973, article in Technology Review “Solar Energy: Its 

Time is Near.” 
Available Hardware—With such a profusion of products being offered for 

sale, it may be well to examine some construction methods and materials which 

are being used in solar components, especially water heaters. 

Since the sun is an intermittent source of energy, most solar systems use a 

storage bank of some kind to store heat for use when the sun isn’t shining. It 
should be noted that very long term storage is not easy to justify in terms of eco- 
nomic feasibility—nor is it often required. Erich Farber reported to the AP&MC 

of Florida Solar Conference in February of 1976 that his staff had scrutinized 
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TaBLE 3. Solar Economic Analysis.' Rule of thumb economics for a family of four, paying $0.04 
per KWH for electricity used to heat domestic hot water, in a city with a temperate climate (for 

instance, Atlanta, Georgia). (after Root, 1976) 

Earnings Investment Total Tax Expenses Annual 

Taxable (20%) Increase 
Income in Net Income 

$10,000 none $10,000 $2,000 $8,000 none 

$10,000 $1,000 in $10,060 $2,012 $8,000 $48.00 
bank @ 6% 

$10,000 $1,000 in $10,000 $2,000 $7,820 $180.00 
solar water ($180 saved 
heater (paid on utility 
in cash from bill) 
savings) 

$10,000 $1,000 in $9,900 $1,980 $7,920 $100.00 
solar water ($100 ($180 
heater (all interest saved on 
borrowed deduction) utilities; 

@ 10%) $100 paid 

in interest) 

$10,000 $1,500 in $10,090 $2,018 $8,000 $72.00 
bank @ 6% 

$10,000 $1,500 in $10,000 $2,000 $7,820 $180.00 
solar water 
heater (paid 
in cash from 

savings) 

$10,000 $1,500 in $9,850 $1,970 $7,970 $60.00 
solar water 
heater (all 
borrowed 

@ 10%) 

‘In this analysis, the quality of the solar heating system is assumed to be such that it will: 1) heat 90% of the hot 
water required; 2) not require maintenance which the home owner cannot perform himself (for example, oiling 
motor bearings); and 3) add $1,000 ($1,500) to the value of the home should the owner decide to sell and move 
elsewhere. 

weather data covering many years and concluded that very rarely are there three 

consecutive days with less than 1/3 of the maximum insolation available any- 
where in the 48 contiguous United States. At most, two or three days supply of 
energy may reasonably be used as the sizing criterion. Economic considerations 

dictate that solar systems be backed by standby fossil fueled or electric heaters. 
In the case of solar water heaters, only a single day’s supply is usually stored. 

Solar energy is often stored as low temperature (ca. 180°F) heat if it is col- 

lected with a flat plate heat collector. Because water is inexpensive, relatively 
easy to handle and contain and capable of storing acceptable quantities of energy 
in a small volume, it is used as a heat storage medium more often than any other 

material. However, extensive work has been carried out on change of state ma- 

terials which have relatively short cyclic lives but do store up to an order of mag- 

nitude more energy per unit volume than does water (Telkes, 1956, 1973). At 
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present, many investigators think that the problems presented outweigh the ad- 
vantages offered by such a heat storage system for the practical heating and cool- 
ing of buildings. 

When air is used as a heat collection fluid, a bin of golf-ball-sized rocks is 

often used as a heat storage bank (Bliss, 1955; L6f, 1955, 1974). A rock bin should 

have approximately twice the volume of a water tank for equal storage capacity 
(AT being equal in both cases). As water is the most widely used storage medium, 
let us examine its use more closely. 

Comparatively few thermosyphon solar systems are being installed at the 

present time. That system included no moving parts, was self-regulating in terms 
of flow rate and required little attention except for freeze protection, but the 
elevated position of the storage tank was a problem from all standpoints. 

Most modern solar water heating installations include a small circulating 
pump and a differential sensor system to control the on-off mode of that pump 
(Fig. 8.) If water is circulated through a heat collector in locations where freez- 

ing temperatures are encountered, provisions must be made to protect the pipes 
from freezing. Some manufacturers recommend using valves to isolate the col- 
lector and exposed piping, and draining the endangered sections. It must be re- 
membered that some tubing systems are not designed to drain completely and 
they must be protected by other means (Fig. 9). In areas where freezing tempera- 
tures are only occasionally encountered, some circulating pump controls are 
equipped with “freeze-sensors’’ which turn them on intermittently during near- 
freezing conditions. This intermittent circulation of hot water from the storage 
tank prevents freezing automatically (as long as no power failures are experi- 
enced), but uses up some stored energy to accomplish the goal. 

In areas where freezing temperatures often accompany the winter months, a 
non-freezing liquid may be used to transport energy from the heat collector to a 

solar heat collector automatic air discharge valve 

Ao & temperature relief valve 

Sache K—— = air inlet drain cock (boiler drain) 

cold water from street 

hot water to house 

drain holes ! 

modified check valve ! 

= 

pene 
water drain cock (boiler drain) + 

aN 
gate valve at eee N 

thermostat sensors and wires 

temperature control by-pass 
siphon breaker 

loop with gate valve é 
gate valve 

solar storage tank 

circulating pump 

pump controls 

Fig. 8. Conceptual drawing of a forced circulation solar water heater (after Partington, et al., 
1976). 
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SSS = 
Fig. 9. Various configurations of pipe grids in solar collectors: upper left, parallel horizontal; 

upper right, sloped horizontal; lower left, tube-in-sheet; and lower right, vertical tubes with headers. 

heat exchanger which, in turn, transfers it to the storage tank. Because many 
antifreeze solutions and corrosion inhibitors are toxic, external “wrap around” 

heat exchangers are used to guarantee double walled separations from what is 
usually potable water in the storage tank (Fig. 10). Though most heat collec- 
tors being sold in Florida at this time are offered with one of these three types 
of freeze protection, sump tanks are sometimes used with large collector systems 
to allow untreated water to gravity drain when the pump is turned off. 

Concentrating vs. Flat Plate Collectors: Concentrating parabolic troughs and 
long rectangular Fresnel lenses are sometimes used in conjunction with darkened 
absorbing surfaces to produce higher temperatures than can be obtained with 
flat plate heat collectors (Fig. 11). Flat plate collectors are usually mounted fac- 

pressure & temperature relief valve 

hot water to house. cold water from 
street 

%”" copper tube 

bonded to tank 

at 2” - 3” inter- 

vals 

siphon breaker 

electric booster 

solar storage tank expansion tank: 

3-5 gallons for a 

4’ x 10’ collector 

y 
3-4” fiberglass : 
INSULATION oes 

heat exchanger: 

actual coil spac- 

ing 2” - 3” on 

bottom third of 

tank > 

Fig. 10. Conceptual drawing of an external heat exchanger on a solar storage tank (after Parting- 
ton, et al., 1976). 
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at 
Fig. 11. Concentrating solar collectors: left, reflecting trough; and right, section of Fresnel lens 

collector (A indicates the lens and B the collecting tubes). 

ing south in a fixed position at angles of elevation shown in Fig. 12. Concentrat- 
ing collectors, on the other hand, more often track the sun from morning to night 

and are periodically or continuously adjusted to compensate for seasonal varia- 
tions in solar altitude. 

Both focusing and flat plate collectors have their virtues and their short- 
comings. Flat plat collectors are capable of converting diffuse solar energy into 

heat and thus work about 20% as well on a cloudy day as a sunny one. Unfortu- 

nately, concentrating collectors do not have this capability, so even though they 
collect energy at a higher temperature (200°-1200°F) and often absorb more 
energy per min of sunlight exposure, they seldom collect much more energy per 

unit area of aperture than does the flat plate collector when considered on a day 
long basis. When complete with tracking mechanisms (which must withstand 

hurricane force winds), collectors with even modest concentration ratios of 3-10 

times are considerably more costly per unit energy collected than are the flat 
plate collectors (Daniels, 1964). 

Because of their relatively low cost and their ability to collect diffuse as well 

as beam radiation, flat plate collectors are the work horses of the solar industry. 
Even though variations (Fig. 13) are manufactured which use air as a heat trans- 

port fluid, we will confine our consideration to those units through which a liquid 
circulates (Fig. 14). 

The heart of the flat plat collector is the heat deck. 
Flat plate collectors operate at low temperature (180°F) and are usually con- 

structed with metal heat decks of copper, aluminum or steel. Very low tempera- 
ture heat collectors (ca. 90°F’) used for swimming pool heating sometimes utilize 

plastic heat decks. Large areas are required for adequate pool heating and un- 
glazed plastic collectors are less expensive than conventional flat plate collec- 
tors (Root, 1960). So, economic considerations favor the use of the cheaper un- 

insulated, uncovered plastic pool heaters, but their useful life is yet unkown. 
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In the low temperature (180°F) collectors, copper, aluminum and steel decks 

all function satisfactorily from a thermal standpoint. Each metal may be dark- 
ened with organic coatings or electrically deposited coatings with equal ease so 
the choice of deck material involves evaluating its resistance to corrosion, the 
ease with which it may be fabricated, and its relative cost. Some heat decks con- 

tain fluid passages which are an integral part of their fabrication. Aluminum 
cooling panels in refrigerators are an example of this type of construction. Heat 
decks with integral passages are fashioned from all three metals. Most often their 

thickness is determined not by fin design considerations but by the tube wall 
thickness required to withstand the working and test pressures encountered in 
the tubular passages. Because the passages are often four or more in apart, this 
results in high material costs because of the thicker-than-necessary webs between 
the passages. On balance, aluminum decks of this type cost about one third as 
much as 100% copper decks. 

(ob) £8 

no 5 OL 2 

oo x93 9 
= a> o 2 o7z~ 2 

= £ = Ss 5 5>§8 2 
= ee < | i 2228 = 
o yY © Sc n= & 
= 9 ey 5 S®2OES 
= =e I « yn AZMS 

na 
‘A 

angle of inclination (degrees) 

latitude (degrees) 

Fig. 12. Recommended elevations for flat plate heat collectors at various latitudes (after Partin; 
ton, et al., 1976). 
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eg LIKI AIR 
AIR 

flat black paint clear glass 

Fig. 13. Cross-section of a solar collector for use with air as the heat collecting fluid. 

The most common—and the oldest—method of fabricating heat decks in- 
volves affixing metal tubes or pipes to flat sheets of metal. The pipes may be sol- 

dered to the sheet continuously or intermittently, clamped to the sheet or 

bonded to the sheet with thermally conductive adhesives. 
If the tubes are soldered to the sheet, copper is the material of choice for both 

the deck and tubing. Even though copper is expensive on a per pound basis, it is 

easy to solder, accepted for contact with potable water by all known code juris- 
dictions, corrosion resistant and it is an excellent heat conductor. The fact that 

it is such a good heat conductor leads Hottel (1955) to conclude that “The use 
of tubes spaced 6” apart in good thermal contact with a blackened copper sheet 

.02 inches thick (or blackened aluminum sheet .04 inches thick) is 97% as good as 

the extraction of heat by a completely water cooled black sheet; consequently, 
there is no expectation of an invention which will improve the performance of 
the black absorber plate.” The excellent heat conduction of copper led Hawkins 
(1947) to state “Thus, an absorber with 6’’-8” coil spacing on 6 oz. [.008 in.] cop- 
per sheet will be 93% as efficient as an absorber with two inch coil spacing, but 
will cost half as much to construct per square foot of surface.” It matters little 
which authority is accepted in that, with good thermal contact between pipes 

spaced at 6 in and a relatively thin deck, above 93% of the potential heat drain 

from the deck is realized. 

What constitutes a good thermal bond between a round tube and a flat deck? 
Continuous soldering is reported to be 30% better than clamping (Whillier, 
1967). If thermally conductive adhesives prove to be durable when subjected to 
the tremendous thermal stresses encountered on solar heat decks, their thermal 

conductivity is about as good as that of solder (both have thermal conductivities 
of about 20 BTU/ (hr) (sq ft) (°F per ft). Soldering is expensive; gluing with ther- 
mally conductive adhesives is much cheaper, so if they do prove durable, their 

use may reduce fabrication costs. Linear cylindrical troughs stamped into the 
heat deck increase the contact area between round tubes and otherwise flat 

decks. This is highly desirable to increase heat transfer if the tubes are clamped 
to the decks. It is, however, unnecessary where line soldering is employed to 

fasten tubes and decks together. If the solder bond between the sheet and tube 

is as much as 1/8 in wide, the conductance of that bond is so good that the limit- 
ing heat transfer coefficient in the overall series occurs in the static liquid film 
on the inside surface of the containing tube (Whillier, 1964). 

Figure 9 shows several styles of pipe grid being manufactured. They are all 

nearly equally functional thermally. The sloped grid is self-draining when vented 
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No smaller than 1/2 in I. D. 1 1/2 - 2 in between 
tube except on closed loop deck and cover. 
Systems. Boiler scale can 
be a problem with small 
diameter tubing. 

4 - 8 in between 
soldered tubes. 

Not less than 
3/8 in if two 

covers used. 

Minimum deck thickness: 
Copper 006, 4n 
Aluminum -OLOean 
Galvanized Iron .020 in 

Minimum bottom insulation 

thickness: 1 in foam or 
2 1/2 in fiberglass. 

Edge insulation: 1/2 - 1 in foam. Although increasing the 
thickness of edge insulation reduces edge losses, it also reduces 
heat collection area and thus heat gains. 1/2 in of good quality 
foam is a rule of thumb compromise for most climates when insula- 
ting metal housing boxes. 

Fig. 14. Cross-section of a flat plate heat collector indicating design parameters (after Root, 1976). 

and complete internal wetting results in maximum heat transfer even if the col- 
lector is mounted slightly off level. 

Soldered pipe connections within the heat collector housing box deserve 
special attention. The 50-50’ solder almost universally used by the plumbing 
industry has a yield strength of only 40 psi at 250°F. A yield strength of 200 psi 
can be realized by 95-5° solder even at the higher temperature of 350°F. Un- 
fortunately, 95-5 solder is twice as expensive as 50-50 solder (about $14.00 per 

Ib. retail). On balance, only 0.5-1.0 lb of solder will be required to continuously 

solder 100 ft of 3/4 in pipe to a 40 sq ft heat deck and sweat together the pipe 
joints involved. We note that a family of four will require a good quality 40-48 sq 
ft collector to meet most of their domestic hot water needs in most of Florida. 
Square, rectangular, or even triangular, pipes may be clamped to heat decks. 
A collector produced by a firm of national stature employs this method with a 

"50% tin, 50% lead. 
95% tin, 5% antimony. 
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good measure of success. Heat transfer is further encouraged by the application 
of thermally conductive adhesive to the interface between the rectangular tube 

and the flat deck. 
Because of the corrosive nature of much of Florida’s drinking water, alumi- 

num and steel tubes are seldom put into direct contact with it. More often they 
are employed in conjunction with heat exchangers to form a closed heat collec- 
tion loop (Fig. 10). A water-glycol mixture within this loop may easily be treated 

with corrosion inhibitors to protect those metals with which it is in contact, or 
silicone oils or other non-corrosive liquids may be used for heat transport. 

Because of the dilemma caused by the high cost of copper on one hand, but 
its good resistance to corrosion on the other, some systems have been engineered 

in which copper tubes or pipes are affixed to aluminum or galvanized heat decks. 
There are two problems to be dealt with in these cases. The coefficients of ther- 

mal expansion of these materials differ by roughly one third (steel 0.114 x 107+; 

copper 0.166 10-*; aluminum 0.224 x ~*) (Perry, 1941). As a consequence of 

this, a 9 ft copper tube soldered to a galvanized steel deck may suffer thermal 
deformation or it may “work” back and forth if it is not continuously soldered. 
This “working” soon leads to reduced thermal contact between tube and deck. 

A second problem with hybrid decks involves the differing positions of their 
metal components in the galvanic series. If moisture containing any conducting 

salts gets into contact with such hybrid deck systems, the potential for galvanic 

corrosion is great. Zinc is next to magnesium at the active or anodic end of that 

series, aluminum is very near the anodic end and copper is situated halfway 
across the scale toward the noble or cathodic end (Fontana and Green, 1967). 

This is not to say that clamping should not be used nor is it to look askance 

at hybrid decks because of potential galvanic corrosion problems. Costs are a 

constant problem to those who would design or produce quality heat collectors. 
Everything which goes into the construction of heat decks is relatively expen- 
sive. Thus, the possibility exists that constructing them in such a way as to re- 

duce their functional efficiency by 20% may reduce their cost by 15% or even 

more. In such a case, the cheaper compromise would benefit the consumer and 

make the unit more saleable. On balance, because of the very high cost of solar 

heat collectors, the use of materials or construction methods which reduce their 

durability is undesirable. The expectation of most responsible manufacturers of 

low temperature heat collectors is that their units will last at least 20 yr. 

Coatings: The heat deck, regardless of its construction, needs to be darkened 
to function satisfactorily. Flat black paint absorbs more than 90% of the solar 
energy which impinges on its surface. Unfortunately, most black paints re-emit 

more than 90% of that energy at a relatively long wave length—3-15 microns 

for a 200°F deck. Because it is possible to interrupt the outflow of the long wave 

length energy with low iron content glass and, to a lesser extent, with some light 

transparent plastics (Edlin, 1958; Streed, 1974), most flat black paints function in 

an optically acceptable manner. The judgements involved in their selection be- 
come centered around their long term adhesion, surface durability, ease of appli- 
cation and cost. 
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For years, researchers have been investigating selective surfaces which ab- 
sorb a high percentage of incident solar energy, but do not reradiate much of 
it even at a very long wave length. At least four methods accomplish this and 
they have been described in detail by Farber (1959), McDonald (1975), Merriam 

(1973), Tabor (1958, 1961, 1967) and Duffie and Beckman (1974). Suffice it to say 

that several organic coating systems have been developed which exhibit some 
degree of selectivity and some collectors being marketed are being coated with 
them. Numerous electroplated selective coating systems have been developed. 
Heat decks with surfaces which have been electrolytically produced are being 
marketed by several manufacturers. At least one collector manufacturer is mar- 

keting a unit which is coated with a semi-conductor system which functions as a 
thermal diode. 

If selective coatings have shortcomings, they are related to their high cost 

and some questions regarding their long term weatherability. Their ability to 
reduce reradiation of heat energy is a major advantage and will be examined from 
a slightly different standpoint in subsequent paragraphs which deal with trans- 
parent coverings. 

Insulation and Housing: Even though the heat deck is the functional part of 
a flat plate collector, the naked heat deck will not serve us well. If placed in the 
sun, it will come to equilibrium with its surroundings at a temperature not use- 
fully above ambient.’ Additionally, an unprotected metal heat deck may be dam- 
aged by weathering in a short time. However, if it is surrounded on the back and 
sides with insulation and covered with a weatherproof, light transparent surface, 
it will retain much more of the energy which strikes its surface and it will be pro- 

tected from weathering. 
Insulating materials for flat plate heat collectors should have several quali- 

ties in addition to good insulating characteristerics. If, for some reason, no fluid 
is flowing to drain heat away from the heat deck, it may rise to a very high tem- 
perature on a warm sunny day. The insulating material must not break down at 
these temperatures of 300°-350°F. Some problems along these lines have been 
encountered with freon blown polyurethane foams used in heat collectors. On 
occasion they have expanded irreversibly and their expansion has damaged col- 
lectors (Engineering News Record, Nov. 20, 1975). Good high temperature toler- 
ance of CO, blown nolyurethane foam has been reported (Moore, 1974). In some 
instances, polyurethane has out-gassed a low molecular weight material which 
has recondensed on the inside of the transparent collector cover and cut down its 
solar transmittance. Water vapor in contact with very hot urethane foam sur- 
faces can react with the chlorofloro hydrocarbon foaming gas to produce hydro- 

floric and hydrochloric acid. 
However, freon blown polyurethane is a readily available, relatively inex- 

pensive, material with superior insulating qualities. When it is used in heat col- 
lectors, care should be exercised to separate it thermally from the potentially 

‘The use of uninsulated, uncovered swimming pool heating decks is in apparent conflict with this statement, 
but during the swimming season ambient temperatures often exceed pool temperatures. 
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very hot heat deck surface. An air gap will accomplish the desired thermal un- 
coupling. 

The isocyanurate foams are alleged to provide the same insulating qualities 
as polyurethane at about the same price—$0.31 per sq ft for 1 in foam sheets. 
No known field tests made on the isocyanurates have shown up the problems 
occasionally encountered with freon blown polyurethane foams. 

Styrofoam will not stand the high temperatures produced when no heat is 
being taken off the deck, so if it is to be used it must be protected by a thermal 
barrier from the heat deck. 

Fiberglass is very inexpensive and is an excellent insulator when dry. Because 
of the very long life expected of an expensive heat collector, it must be antici- 
pated that constant expansion and contraction of the transparent surface may 
eventually cause it to leak around the edges during rain storms. If fiberglass is 
exposed to water, it absorbs it into its matrix by capillary action. This does not 

mean that fiberglass should not be used; it does mean that boxes which use such 
materials must be resealed periodically to prevent leakage and be provided with 
bottom drain holes to allow any accumulated moisture to escape. 

Asbestos concrete has been used to build ground mounted heat collector 
boxes in Australia for years (CSIRO, 1964). Its use offers the opportunity for the 
construction of inexpensive large common containers in which arrays of collec- 
tor decks for building heating and cooling may be deployed. 

With the exception of asbestos concrete, all the insulating materials men- 
tioned require that a box be constructed to house them. The box provides struc- 
tural support for the heat deck and insulation and protects both from the 
weather. For years, 18 to 24 guage galvanized iron or aluminum have been used 
for boxes for heat collectors (Hawkins, 1947). They are strong and durable. They 

may be painted and they are easy to work with and form. Unfortunately, these 
metals are also excellent heat conductors, so any energy which escapes through 
the insulation or through bolts used to anchor the deck in place is immediately 
lost to the atmosphere. 

As a consequence of this shortcoming of metal boxes, several manufacturers 
are using plastic heat collector boxes or combination plastic-metal boxes. Fiber- 
glass reinforced polyester resin may be used in this manner as long as it is remem- 

bered that any unreacted polyester resin may out-gas if the inside surface of the 
box reaches very high temperatures. At least one manufacturer uses an ultra- 
violet shielded plastic extrusion in combination with several insulating materials 
to create a strong, durable box with no exposed metal parts except glazing bat- 
tens. 

Whatever its basic construction, the chief role the box serves is to house the 

deck and its insulation and protect them from the weather. If it can be made to 
provide additional insulation without losing significant durability or strength, so 
much the better. Once the heat deck is insulated and housed, the transparent 
cover material must be selected. In accordance with the greenhouse effect, solar 
radiation will pass through glass but long wave length heat radiation from the 
hot deck will not (Fig. 15). That is only half the story, unfortunately. While long 
wave length radiation won’t pass through the glass, it is absorbed by it and this 



No. 3, 1976] ROOT—APPLICATION OF SOLAR ENERGY 163 

80 

70 

60 

50 

40 
wW (j=) Oo 

% EFFICIENCY 30 ipo) Oo (j=) 

SOLAR FLUX 20 
ray (oo) oO % TRANSMITTANCE 

10 

C3e0-,0-7 3.0 0 20 40 60 80 100 120 140 160 180 200 220 240 

WAVE LENGTH MICRONS TEMPERATURE DIFFERENCE DEGREES F 

Fig. 15 (left). Conceptual drawing illustrating the greenhouse effect. The solid line indicates per- 
cent transmittance of glass vs. wave length of light; the dotted line indicates energy distribution 
of the solar spectrum with a solar flux expressed in BTU per hr per sq ft vs. wave length of light. 

Fig. 16 (right). Flat plat collector efficiency vs. temperature difference between the outer glass 
and the absorber for selective (dotted line) and conventional (solid line) black coatings at a solar 
flux of 237 BTU per sq ft per hr (after Lorsch, 1973). 

absorption heats the glazing pane. The outside surface of the hot pane is in con- 
tact with the ambient air and it loses heat by the mechanism of upward convec- 
‘tion—and reradiation to the sky under clear conditions. The effective tempera- 
ture of a clear daytime sky is reported to be ambient temperature-10°F (Whil- 

lier, 1967). Since water does not normally flow through the heat collector at 

night, the fact that the effective night sky temperature is thought to be-100°F° 
for purposes of radiation loss calculations, is of no great concern except in the 
case of freezing conditions. Under no wind, clear sky conditions, flat plate col- 
lectors are reported to have frozen upon rare occasions at air temperatures of 

38°—40°F! 
By whatever series of mechanisms, if the heat deck radiates heat to the trans- 

parent cover, some of that heat is going to be lost to the atmosphere. This is why 
selective coatings have a distinct advantage over nonselective coatings. They do 
not reradiate nearly as badly as their nonselective cousins, so selectively coated 

decks allow heat collectors to be operated at high temperatures with low losses 
(Fig. 16). Some efforts have been made to coat glass and transparent plastic sur- 
faces to make them selectively reflect long wave length heat radiation rather 
than to absorb it (Johnson et al., 1975). The procedure also reduces reradiation 
losses. 

Of course, internal convection transfers some heat from the heat deck to the 

transparent cover and selective surfaces do not help solve this problem. 
The internal convection problem is being attacked in several ways. At least 

two major glass manufacturers are making evacuated tubular glass heat collec- 
tors. In even a partially evacuated tube there is little convection loss. The system 
works fine but the costs range up to $70 per sq ft of collector surface. Another 
approach to reducing internal convection is being tried. Flat plate collectors are 
being fitted with honeycombs to break up the air space separating heat decks 
from transparent surfaces into small cells. This method reduces convection 

‘Figure used to predict freeze damage by Florida Citrus Experiment Station at Lake Alfred, Florida. 
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losses. At this time there are no systems of this type thought to be economically 
competitive in terms of dollars of collector cost per BTU collected. 

A second glass cover is sometimes added to reduce upward losses from flat 
plate heat collectors. Although, the second cover doubles the glass cost and 
causes an additional reflective loss of 8% of the incoming radiation (Robinson, 
1955), it is required if flat plate collectors are to produce 140° water north of 
about the latitude of Gainesville, Florida, in cold weather. 

Figure 14 shows satisfactory cover to deck spacing for both single and double 
glazing (Hottel and Woertz, 1942; Lorsch, 1973). 

Glass is heavy, expensive, hard to hold in place and difficult to keep water 
tight. It sometimes suffers thermal breakage in flat plate heat collector appli- 
cations. Hail breaks untempered glass and even tempered glass is subject to 
breakage when hit with heavy objects. Except for its transparency to solar radi- 
ation and its opacity to heat radiation, its characteristics make it less than ideal 
as a glazing for flat plate heat collectors. 

Some transparent plastics are cheap, durable, not subject to breakage and 
easy to hold in place. Unfortunately, most of them have disadvantages along with 

the stated advantages. Tedlar is cheap (10¢ per sq ft for 4 mil), can be heat shrunk 
(7% shrinkage) into place and does not reflect as much energy early in the morn- 
ing and late afternoon as a glass surface does. But 4 mil Tedlar requires support 
in the form of a wire mesh grid if as much as 2 x 4 ft areas are to be spanned. Fur- 
ther, it is transparent to 30% of the long wave length heat radiation to which 
glass is opaque (Duffie and Beckman, 1974). Polycarbonates are very strong 

though quite expensive. Like glass, they are opaque to long wave length radi- 
ation but unlike glass they are also opaque to 5-7% of the solar spectrum (Kirk- 
patrick, 1974). 

Products which contain 15%-40% fiberglass filaments bonded together with 
proprietary mixes of thermosetting acrylic-polyester polymers have recently 
been developed for use in building and greenhouse construction. The manufac- 
turers claim their optical performance rivals that of glass and they are relatively 
inexpensive at 41¢ per sq ft, strong and durable (guaranteed up to 20 yrs). Many 

collectors now offered for sale make use of plastic-glass fiber combinations in 
molded or sheet form. Covers made of these materials may be molded in such 

a way as to overlap the sides of the heat collector box and produce a highly leak 
resistant joint. 

The majority of heat collector manufacturers feel that 40-48 sq ft of good 
quality flat plate heat collectors coupled to an 80 gallon storage tank will pro- 
vide for about 90% of the hot water needs of a family of four in most of Florida. 
A booster is located in the top 1/3 of the storage tank to provide the remaining 
10%. Many of them recommend the retention and use of an existing electric hot 
water heater if it is relatively new (Fig. 17). 

As previously suggested, most of the complete water-heating systems being 
offered are not of the thermosyphon type. In most of them the circulation is 
forced by a very low power (30 watt) electric pump. The operation of the pump 
is most often controlled by a differential thermostat. This system keeps the heavy 
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Fig. 17. A two tank storage system using an existing water heater as an auxiliary booster (after 
Partington, et al., 1976). 

tank down at ground level where it’s easier to support and where leaks are not as 

harmful when they finally develop. The heat collector may still be placed on a 
sunny south facing roof where it’s fairly well protected from accidental breakage 
and shading. 

OTHER APPLICATIONS—Solar water heaters are still expensive. So are solar 
building heating systems. Solar air conditioning systems are not yet offered as 
complete units. Arkla does produce a limited number of lithium bromide-water 
absorption units modified for use with 190°—220° water or steam. Private in- 
dustry has made great strides in redeveloping manufacturing capability in the 
solar water heating field in the few years since the oil embargo made us aware of 
the fragility of America’s energy supply sources. As energy reserves dwindle fur- 
ther, Florida may suffer more than many other states since virtually all of her 
fossil fuel supplies must be shipped in. When energy costs rise, shipping costs 
rise and the combination will move the state in an unenviable position. Hope- 
fully, industry, agriculture and citizenry all will be able to use some of the abun- 
dant Florida sunshine to alleviate the economic pressure. 

As the state’s population continues to grow, a shortage in another area is 
likely to occur. Florida’s fresh water supply is limited. Salt intrusion in deep 
wells near the coasts, loss of recharge areas to-urban sprawl and pollution of the 
aquifer are becoming more serious problems as the population increases. 

Solar Stills: Here, too, solar energy may offer a partial solution. Florida has 
an abundance of very humid air—especially during the summer when demands 
on the water supply are apparently at their maximum. Solid absorbents like cal- 
cium chloride and liquid ones like the glycols may be allowed to absorb noc- 
turnal moistures from the air and that moisture may be recovered by heating 
the absorbent with solar energy during the daylight hours. A slight modification 
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of this scheme was used in 100 BC in Theodosia, Crimea. Nocturnally cooled 
rock piles were used to collect dew which was piped to common watering spots 
through sandstone pipes (Daniels, 1964). 

Conventional solar stills were used to produce all the fresh water for the Chil- 
ean nitrate mines near Las Salinas from 1872 to about 1910. The 51,000 sq ft of 
glass-tented shallow tanks supplied about 6,000 gallons of fresh water per day 
for nearly 40 yr. The rate was about a lb per sq ft of tank and the solar efficiency 
was about 33%. 

Animal and plant life being totally dependent on usable water, it is not sur- 
prising that considerable scientific effort has been devoted to the development 
of solar stills. Maria Telkes presented a report on them to the World Symposium 
on Solar Energy in 1955 (Telkes, 1956). During the mid-fifties, Edlin, L6f, Strobel 

and a team from Batelle Memorial Institute headed originally by Locklin com- 

bined efforts to study the subject at a thoroughly instrumented large facility at 
Ponce de Leon inlet (Strobel, 1957; Bloemer, et al., 1964). In 1970, a “Manual 

on Solar Distillation of Saline Water’ was prepared by members of that team 
and others who had joined them in the ensuing 15 yr (Talbert, et al., 1970). Dur- 

ing 1970-71, a power-food-water complex was constructed near Abu Dhabi on 
the Persian Gulf by scientists from the University of Arizona Energy Research 

Laboratory (Univ. of Arizona 1970-71 Annual Report). Several articles have ap- 
peared recently in Solar Energy on similar themes. 

A typical solar still is depicted in cross-section in Fig. 18. The transparent 

cover may be glass or plastic but its inside surface should be treated so that the 
condensing film will not “bead” on the surface (Daniels, 1964). The cover may 

be attached to a rigid frame or it may be inflated like a sausage skin with a small 
pump. Farrington Daniels, another pioneer in solar distillation, devotes a full 
chapter to the subject in his book “Direct Use of the Sun’s Energy” (1964). 

A novel approach to improving the efficiency of solar stills with heat pipes 
is shown in Fig. 19 (Lowe, 1975). Output of distilled water was reported to be 

increased from 3 | per sq m to 51 per sq m in the heat pipe system. The still in 
the sketch was developed by Dornier in Germany. 

The main problem with using solar energy to distill water is that because 
solar flux density is low, large expensive areas are required to harvest enough 
energy to produce useful quantities of water. But, as conventional energy costs 

rise, the amortization period of solar equipment is reduced. 

Solar Greenhouses: Florida receives about one third of her income from agri- 
cultural and farming activities so applications of solar energy which may benefit 

those areas deserve consideration. Crop drying is an important application of 
solar energy in the corn and wheat producing states but it does not consume 
enough energy in Florida to be of primary interest. Protection of ornamental 

plant nurseries during freezing weather does, however. John’s Nurseries, the 
largest independently owned commercial plant grower in Florida used $140,000 
worth of fuel at a cost of $0.104 per sq ft of greenhouse space to prevent frost 
damage during the 1975-76 cold season (Robert Scott, personal communication). 
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Fig. 18. A solar still in sectional view. (Redrawn from a pamphlet titled “Sea Water Conversion” 
from the Solar Research Station, Daytona Beach, Florida, of the Office of Saline Water, U. S. Dept. 
of Interior, Unnumbered and undated.) 

Innovations in solar greenhouse design were discussed in this Symposium 
by Sheppard and Williams whose paper follows in this issue of the Florida Sci- 
entist. Even as far north as Canada, energy conserving greenhouse structures are 
being evaluated (Lawand et al., 1975). The omamental plant and glasshouse 
vegetable industries stand to benefit substantially from new developments in this 
field. 

MSL NIN SL 

Fig. 19. High output solar distillation system. 1) Incoming energy; 2) heat pipes transmit energy 
from the heat deck to the evaporation chamber much more efficiently than a copper conduction; 
3) evaporation chamber with vapor rising from heated brine; 4) collector channel for distilled water; 
5) cool brine water enhances condensation and is preheated prior to admission to the evaporation 
chamber; 6) rainwater trough; 7) insulation layer; 8) glass cover; and 9) supporting substrate (after 
Lowe, 1975). 
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Solar Pumps: Proper control of water level is important to farmers and 
ranchers using the vast flatlands of the central and southern parts of the state. 
During drought, water is pumped from irrigation canals into the fields and in 
flood times, water is discharged from the fields to canals. Operation of those 
pumps is becoming an increasingly heavy economic burden to their users. Per- 

haps more important, however, is the fact that shortages may develop and fuel 

deliveries be interrupted. This could have disastrous results for farmers and 

nurserymen alike and result in short supplies of several fruits and vegetables for 
the everyday housewife. 

Solar water pumps were in use in many parts of the world during the late 

1800's and early 1900's (Jordan and Ibele, 1955). In 1698, Thomas Savery was 
granted a patent (in England) for a low head steam operated pump in which the 
only moving parts were three valves. As early as 1961 Jenness suggested several 

modifications of the Savery water pump which allow it to operate on solar 
energy (Jenness, 1961). Because of the remoteness of some pumps on large 

ranches operating them with solar energy could save countless hours of man 
power as well as the transportation of more conventional fuels and operating 
costs. 

Other Uses: Low temperature industrial process heat can be produced with 
air heat collectors pictured in Fig. 13. As energy costs escalate, those industries 
which are able to adjust their production cycles to take advantage of solar energy 
will doubtless be doing it. The WIX air cleaner distributor in Central Florida has 

already switched from electrically heated air to solar heated air for drying re- 

washed carburetor air filters for large trucks. Some of them cost as much as 
$140.00 new and can be washed two or three times at a cost of about $10.00 be- 

fore they require replacement (John Newsom, personal communication, 1976). 
From a broad view point the practical application of solar energy in Florida 

includes thermal, mechanical and agricultural applications. Some marine biolo- 

gists feel that because of the vast estuarian areas which border Florida’s coast 
line, solar applications in these fields may improve the per acre production of 
edible marine life. Who knows what breakthroughs will come next as experts in 
the many academic disciplines apply their knowledge to the practical applica- 

tion of solar energy? 

OvuTLook—As mentioned, the federal government which spent less than 
$100,000 a year from 1950 to 1970 on solar research (Hughes, 1974), spent 86 

million last year and will spend over 250 million in fiscal 1976. Much of that 
250 million will be spent on demonstration projects. Their purpose is to estab- 
lish the technical and economic feasibility of heating and cooling buildings. 
There is a role for the scientific community in the demonstration area. Advisors 

and trouble shooters will be needed by industrial contractors to guide them in 
the construction of and operation of their projects. 

A considerable amount of federal money will be spent on pure and applied 
research primarily by HUD, FEA, ERDA and DOD. For the first time in the 

history of industrial research in the United States, solar research is receiving sub- 
stantial private funding. 
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The problem of establishing thermal test procedures and rating methods has 
been addressed (Hill and Kusuda, 1974). Solar scientists are debating the sugges- 

ted methods, as indeed they have been since as early as the 1950's (Robinson and 
Stotter, 1959; Whillier and Richards, 1961). 

The test problem is intensified by the fact that there are a very limited num- 
ber of facilities in the entire nation which are equipped to perform thermal test- 
ing. Some scientists point out that the consumer is interested in the annual sav- 
ings which accrue as a result of his investment in solar equipment. They raise 
the fundamental question of whether a performance rating derived from data 
taken in November in Arizona relates to the performance of the unit on a yr 
round basis in St. Petersburg, Florida (Lior, 1974). 

The concept of locational flexibility for the testing of units has been given 
impetus by the development of a mobile thermal test facility at Florida Techno- 

logical University (Nimmo and Larsen, 1976). This concept holds considerable 

promise and may serve to overcome objections raised by Dr. Lior. 

A heavy responsibility is placed on the scientific community by the paucity 

of American research activity which occurred during the 1960's. Solar literature 
is only marginally complete in most university libraries and much of it is in mi- 

_crofilmed form. This leads to the tendency on the part of some researchers to 
slight the study of past research achievements which usually precedes the selec- 
tion of research topics to be pursued. Fortunately, the University of New Mexico 
recently published through its Technology Application Center a bibliography 
entitled “Solar Thermal Utilization 1957-1974”. The two volume set lists, with 

abstracts, some 4,000 works published during that period. they are indexed by 
subject, by author, and by title and offer quick reference to much useful solar 
literature (Leffler, 1974). Surprisingly enough, the cost ($37.50) of this bibliog- 
raphy is modest enough so that it is subject to inclusion even in private libraries. 

No responsible student of energy consumption makes any claim that the use 
of solar energy is going to drastically reduce the nation’s dependence on fossil 
fuels. Even optimistic estimates suggest that only 10% of our fuel needs may be 
met by solar devices by 1999 (Wilhelm, 1976). 

What the practical application of solar energy does have to offer is economic 
relief for the average homeowner, Table 3. The sun’s energy is an on-site utility 
provided free by nature. It doesn’t have to be transported in supertankers or even 
in trucks or trains. It need not be delivered over costly electrical distribution 
networks. It simply needs to be captured and stored in accordance with a tech- 
nology which has been thoroughly explored and reported on during the period 
since 1900. 

Future advances in that technology will probably take the form of economies 
which can be exercised through the use of new materials and new fabrication 
techniques. Those economies are badly needed if solar systems are to be priced 
within the budgets of those who need them most—middle and lower income 
families. 
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THE ROLE OF THE FLORIDA SOLAR ENERGY CENTER 

IN SOLAR ENERGY SYSTEMS RESEARCH 

AND COMMERCIALIZATION 

DELBERT B. Warp AND Paut J. NAWROCKI 

Florida Solar Energy Center, 300 State Road 401, Cape Canaveral, Florida 32920 

Asstrract: The Florida Solar Energy Center was established in 1975, pursuant to legislative direc- 
tive in 1974, with authorization to conduct research, disseminate information, and develop demon- 
stration projects relating to solar energy utilization in Florida. Under the State Board of Regents, the 
Center is developing and conducting a variety of programs in research, development, demonstrations, 
education, information dissemination, and energy systems analysis. Federal research programs in 
solar energy are related to the programs of the Center and have impact upon the work pursued there. 
The congressional mandate for establishing a national solar energy research institute has resulted in 
both optimism and intense proposal effort within Florida to have that research institute headquartered 
within the state. The Solar Energy Center interacts with a task force appointed by the Governor of 
Florida which has responsibility for preparation of the state's proposal. Utilization of solar energy 
is possible in a variety of ways. Some end uses of solar energy are technologically feasible now; some 

_ systems are approaching economic feasibility in comparison with other forms of energy; and some 
systems require significantly more research to establish their feasibility. Commercialization of solar 
energy will proceed at a rate consistent with the progress in research and development for advancing 
systems feasibility. As solar energy technology advances, the Solar Energy Center will continue pro- 
grams of current information dissemination and training. The Center is promoting and coordinating 
this effort in Florida and is directly involved in research and development work with support and 
participation from many other organizations and individuals. 

MEASURED in terms of traditional energy sources of our society, Florida has 

been an energy-poor state. There are few petroleum reserves in the ground, no 
coal reserves, and the state’s geography is not suited to hydroelectric generation. 
Florida, then, has imported energy to develop, maintain, and expand its level of 
industrialization. 

While it also is true that the entire United States has produced less energy 
than consumed in recent years and therefore also has imported energy, mostly in 
the form of petroleum, Florida’s record for net imports of energy exceeds that 
of the U. S. as a whole. In December, 1975, for example, while the U. S. was im- 

porting (from outside U. S. territories) just over 38% of the oil consumed, Florida 
in the same period was importing (from outside U. S. territories) in excess of 50% 
of its oil. There should be no surprises, then, in observing that Florida’s economy 
will continue to be sensitive to the international costs and availability of oil (not 
to mention the same vulnerabilities to costs of domestic energy which are im- 

ported across the state line). 
There is now recognition that oil, gas, and coal, our traditional energy 

sources, will not last forever. Indeed, they will last only a few years past the turn 
of the century if we continue with our present trends in energy consumption. 
Our nation has commenced serious studies in a search for alternative energy 

sources—either sources which are renewable, or sources which because of their 

quantity are nondepletable within large time frames. 
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Looking now at the brighter side, it may be that Florida can become less de- 
pendent upon energy controlled outside the state and, perhaps, energy-rich. 
Florida has two significant sources of energy—an abundance of sunshine and 
surrounding oceans whose surfaces act as giant collectors of solar radiation. 

The Legislature of the State of Florida acknowledged solar energy as a re- 
source much sooner than most other state legislatures. It directed in 1974, in 
Senate Bill No. 721, that plans be prepared for establishing a state solar energy 

program for the purpose of bringing about reduced reliance upon imported 
energy to maintain an acceptable lifestyle for the people of Florida. Responsi- 
bility for planning the solar energy program was assigned to the State Board of 
Regents. As prescribed in legislation for planning, a Center was to be established 
with the following functions: 

Develop and participate in solar-related demonstration projects. 
Develop solar energy systems, with emphasis on incident solar energy applications. 
Develop methods for testing solar equipment. 
Develop and disseminate information and maintain an information system on solar 
energy and solar products. 
Provide technical assistance to state agencies and manufacturers in the development 
of information and standards. 
Provide technical assistance to architects, builders, and others in solar energy tech- 

nology application. 
Provide facilities and support for personnel from universities and research institu- 
tions within the state. 
Provide the capability to actively seek federal and other funds to support its work 
and coordinate cooperative solar energy research efforts within the state. 
Provide ongoing educational services for persons desiring solar energy technical 
knowledge at all levels of competence. 

A plan was prepared in the office of the Board of Regents in 1974-75, and 
implementation was begun in the spring of 1975. The newly created Florida So- 
lar Energy Center was placed directly under the jurisdiction of the Board of Re- 
gents (BOR) in the State University System, with logistics support assigned to 
Florida Technological University (FTU). 

A Policy Advisory Boad, made up of representatives of a broad spectrum 
of groups in Florida having particular interest in solar energy, makes recommen- 
dations to the Chancellor’s office on policies of operation of the Center. A Tech- 
nical Advisory Committee counsels the director of the Center on matters of on- 

going operations and research activities. 

The selected location for the Center was a complex of four buildings in Cape 

Canaveral formerly used for the University of Florida’s GENESYS program and 
later as FTU’s Canaveral Residence Center. Situated at the edge of Port Canav- 
eral and adjacent to the Canaveral Air Force Station and Kennedy Space Center, 

the site of the Center encompasses 20 acres. Building facilities, comprising ap- 
proximately 14,000 sq ft, include offices, laboratories, a library, classrooms, and 

a 200-seat auditorium. : 
Dr. William Phillips, Coordinator of Science Programs in the BOR, and Dr. 

Robert Kersten, Dean of Engineering at FTU, were named acting co-directors of 

the Center during its start-up period while a search was undertaken for a per- 
manent director. 
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ORGANIZATION OF THE CENTER—In September, 1975, Dr. Howard P. Harren- 

stien, Dean of Engineering at the University of Miami, was appointed director 
of the Center. Dr. Harrenstien’s first steps in responding to the broad range of 
functions as conceived by the legislature were to: 

Develop and staff an organization which could effectively and efficiently address 
the several areas of assigned responsibility. 
Contact those agencies, organizations, and persons, in state or out of state, with 
which the Center would be cooperating or interacting on solar energy matters. 
Undertake an orderly review of project activities which would establish priority 
of efforts at the Center. 

The various functions prescribed by the legislature fall logically into three 
general groupings which furnished the basis for organization. 

Education and information services. 
Research, development, and demonstrations. 

Energy systems analysis. 

Delbert B. Ward, associate professor of architecture at the University of Utah 
prior to joining the FSEC staff, is director of the Education and Information Ser- 
vices Division. Dr. Gerald W. Lowery is director of the Research, Development, 

and Demonstrations Divison. He came to the Center from the University of 
_ Texas at Arlington where he was assistant professor of mechanical engineering 
and project manager for Discovery ‘76, the first single-family residence in Texas 

to be solar heated and cooled. Marvin M. Yarosh, executive director of the Flor- 

ida Energy Committee from 1973 to 1975, heads the Energy Systems Analysis 
Division. 

At present the Center staff comprises 32 employees and will reach 40 within 
a few months. These include research scientists, research engineers, laboratory 

technicians, a librarian, artists, an information specialist, and secretarial person- 

nel. 

THE EDUCATION AND INFORMATION SERVICES Divison—Education and in- 

formation are essential components of Florida’s solar energy program. User 
understanding of information is an essential consideration in the preparation of 
education and information materials because solar energy applications will be 
undertaken within the residential, commercial, industrial, and institutional sec- 

tors of the state to the extent that they are technically and economically fea- 
sible and only to the extent that the information is understood. 

There are many user categories for solar energy utilization, ranging from the 
homeowner to large-scale industries. Education and information services must 
effectively reach all user groups and therefore take many forms. Seminars, short 
courses, technical and “how-to” publications, newsletters, solar product infor- 
mation, library documents, and solar energy systems displays are among the 
many activities of this division. 

Recognizing the importance of placing existing solar energy technology into 
the hands of architects and engineers who are responsible for the design of new 
buildings and the modification of old ones, the division has undertaken develop- 
ment of a major program of short courses. The plan is to identify instructors with- 
in the state’s universities with knowledge in various areas of energy technology, 
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to assist their universities in scheduling solar energy courses of a continuing edu- 
cation type, and to provide printed materials, visual aids, and case studies helpful 

in conducting courses at the local universities. This plan would bring instruc- 

tion to the state’s population centers while reducing travel costs and other in- 
conveniences which would occur if the courses were offered at the Center. The 
division provides additional educational services to the citizens and solar indus- 
tries of Florida, including briefings and lectures on solar energy utilization, and 
information bulletins on solar energy programs and products. 

The Center’s library of over 3,500 volumes, covering a range of technical — 
subjects and containing an extensive collection of energy-specific texts, periodi- 

cals, reports, and government documents, is available to anyone. A full-time 
technical librarian also is available to assist with research in the literature at the 

Center. 

Energy-related publications are prepared and distributed at the Center. The 
number of such publications is growing, and publications soon will be a major 
effort of the division. The Center encourages the submission of manuscripts on 
solar energy for assistance in publication. 

THE RESEARCH, DEVELOPMENT, AND DEMONSTRATION  DIvVISION— 

This division provides technical inputs into three principal program areas of the 
Center. 

Inducing public acceptance of energy conservation and solar energy systems 
through education and incentives. 
Providing demonstrations of the practicality, reliability and value of solar energy 
systems. 

Promoting an honest and healthy solar energy industry in Florida. 

The RD&D Division furnishes technical support in seminars for designers 

and builders, contractors, lenders, legislators, and others. The seminars may be 

conducted by the Center or by other organizations. The Division helps to pro- 
vide information on solar energy applications for homeowners, as well as design 

criteria and handbooks for engineers and contractors. In legislative measures 
relating to taxes, codes, and zoning that affect energy use, the division provides 

technical assistance as required. 
A number of potential applications of solar energy utilization are inhibited 

by a lack of fundamental and applied research. It is a function of the RD&D Di- 
vision to identify these areas and encourage the needed research. The State of 
Florida possesses a wealth of talent that can be successfully applied to these 
problem areas. The RD&D Division maintains liaison with both the universities 

and public and private businesses within the state. A limited amount of funding 
is available to the division for direct support of research projects by these organi- 
zations. For more substantial efforts, organizations are encouraged to apply to 
federal and other funding sources for the needed resources, and assistance in this 
process is provided by the Center where appropriate. For projects involving 
institutions, the Florida Solar Energy Center may act as a coordinator for the 

project or may furnish overall project direction. 
Probably the strongest stimulus that can be given to the development and 

application of solar energy equipment is provided by highly visible demonstra- 
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tions. They not only give the consumer an opportunity to see practical devices 

in operation, but also provide the manufacturer a showplace for his product. 
Only through such demonstration projects can the designers and installers gain 
the kinds of experience and feedback they need to provide reliable and market- 
able systems. 

In Florida, the best candidate for immediate widespread application is the 
solar water heater. These have been in use throughout the state since the 1920's, 

but with the increased cost of conventional fuels there is a renewed interest, and 

with it a significant increase in the number and kinds of available equipment. 
A related and currently practical solar energy application is that of pool heating, 
but its potential impact is far less than that of water heating. 

Demonstrations are planned in solar technologies that may be useful in the 

state of Florida, but demonstrations beyond that of water heating are develop- 
mental in nature and are research-oriented. A developmental system with great 

potential for intermediate-term impact on energy in Florida is solar air condi- 
tioning. Although there is no long-term experience with large solar-operated 

air conditioning systems, organizations throughout the state have expressed 
_ interest in such projects. This interest comes from school boards, community col- 
leges, state universities, and hospitals. Hopefully, in the next few years many 
of these projects will be implemented and will demonstrate the feasibility of 
large solar cooling systems. 

Residential use of solar cooling offers a special set of engineering challenges. 

Many of the techniques that might be employed in a large facility would require 
more supervision during operation and greater attention to maintenance than 
the homeowner normally can afford. Solar cooling of homes probably will de- 
pend on the prior development of reliable systems for large buildings. Research 
and development of solar air conditioning are proceeding well in Florida, and 
the division is in close contact with these efforts. 

Many uses of energy require generation of electricity. Solar electric power 
generation can take many forms, including: 

Photovoltaic conversion. 
Rankine engines to drive electric generators. 
Ocean thermal energy. 
Wind energy. 
Energy in selected biological materials. 

Utilization of solar energy for the production of electric power presents chal- 
lenges both economically and technically. In these technologies the RD&D 
Division will help to coordinate research efforts in the state and obtain federal 
funding for research and demonstration. The combined efforts of industry and 
university researchers will be encouraged to bring broader experience to these 
problems. 

To provide the purchaser with some assurance in the performance of solar 
equipment, the Center will independently test and verify performance data 
claimed by manufacturers and vendors. The testing may be done at the Center, 
or the results of tests performed at independent laboratories may be accepted 
by the Center. An effective test and standards program benefits the purchaser, 
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and it can provide a needed service to the small manufacturer who lacks expen- 
sive test facilities. The RD&D Division currently is assembling its test facility. 

Features of the test facility include: 
Compatibility with other test facilities and standards, including these of the Na- 
tional Bureau of Standards. 
A testbed for measuring performance of flat-plate collectors, with all appropriate 
monitoring devices. 
Instrumentation for measuring direct and diffuse components of solar radiation and 
associated meteorology. 
A data processing unit for storing, retrieving, evaluating, and presenting data, such 
as collector efficiency, absorbance,and emissivity, as well as statistical parameters 

such as expected value, variance, and prediction. The data processing system also 
will facilitate engineering design and energy load determination. 

THe ENercy Systems ANALysis Diviston—The Energy Systems Analysis Di- 
vision has responsibilities in four principal areas: 

Technology assessment and economic analysis. 
Policy alternatives and implementation. 
Project planning and analysis. 
Energy conservation. 

The Division performs technical assessments for the Center on the status 

of technology and activities in areas within the federal solar energy effort, par- 
ticularly as these may apply to Florida. Examination of the technology in these 
areas will aid in establishing a position for the Center with respect to solar al- 
ternatives and will identify promising areas for FSEC activity. 

An economic analysis of near-term solar energy systems for hot water and 
space heating and cooling is being carried out to determine the influence of ini- 
tial system costs, fuel costs, and the cost of money on the payback periods for 
specified kinds of applications. The Division is identifying barriers to the imple- 
mentation of existing solar energy technology and the means for reducing such 
barriers. Policy alternatives which may be available at both the state and local 
levels are considered. The Division, on request, advises the Florida Legislature 

on solar energy, and when appropriate, helps to prepare legislation. The Center 
interacts closely with other states and with federal agencies and maintains a cog- 

nizance of similar activities at the state and federal levels. 

The Division is working with state and local governments and with the solar 
energy industry to examine proposals for the establishment of voluntary stan- 
dards for solar energy equipment, and to examine efforts to use sales tax and 
other incentives to further the applications of solar energy. The division is pre- 
paring and will publish an inventory of the solar energy industry within the state. 
This inventory will help to identify the manufacturers and their solar equipment, 
as well as the distributors, and installers. An effort to evaluate the level of techni- 

cal sophistication within the industry is in progress. 

The allocation of resources of the Center and establishment of priority pro- 
grams and projects for the Center are included within a project planning and 
analysis function within the division. Investigations are carried out to identify 
those programs which appear most promising for the Center and are best 
matched to the Center’s resources, both over the near and the long term. The 

————— 
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Division, in coordination with agencies of the state and local governments, insti- 
tutions, industry, and others, identifies and promulgates those conservation pro- 
grams and practices which integrate with the application of solar energy. Initial 
efforts concentrate on conservation practices which can be instituted in the heat- 

ing and cooling of residential, commercial, and industrial buildings, to facilitate 

the application of near-term solar energy equipment. 

SpecIFIC EXAMPLES OF FSEC Activities—Many actions are being taken at 

the Center consistent with the role in solar energy research and commerciali- 

zation assigned by the State Legislature. As noted previously, the Center is assem- 
bling a sophisticated testing facility for solar systems. Initial testing, scheduled 
for operation in the late spring of 1976, will be for flat-plate collectors. Besides 
supporting research at the Center, testing services will be made available (on a 
cost reimbursable basis) to the solar industries in the state. At the outset, solar 

component analysis will aim at furnishing performance data. Certification of 
components will await clarification of this function. 

A survey of the solar energy industry in Florida is underway. A strong viable 
industry is necessary if we are to see an increased use of solar energy systems. 
This survey is being done in cooperation with the Florida Department of Com- 
merce. The information assembled will serve three purposes: 

It will provide a base line from which future progress in the commercialization of 
solar energy in Florida may be judged. 
It will allow evaluation and planning of the Center's activities in terms of estab- 
lished objectives and industry status. 
It will provide information from which a directory of solar equipment manufactured 
or sold in Florida can be compiled. 

Analysis and development of legislation is another activity at the Center. 
Numerous bills relating to solar energy have been prefiled for Florida’s 1976 
legislative session. Because of the potential impacts of such legislation upon the 

advancement of solar energy in Florida, the Center is carefully reviewing and 
monitoring each bill. The Center has provided extensive work for two bills in 
response to legislative request. One bill would require that the Center establish 
a quality assurance program for solar equipment; the other would provide a sales 

tax exemption for purchasers of certain solar equipment. 
The Center is engaged in discussions with the Federal Energy Administra- 

tion which would result in federal support in developing and defining a state 
program for solar energy utilization and a role for utility companies in solar en- 
ergy development. The effort would seek to identify steps required for a state 
program using federal and local government cooperation as a part of a compre- 
hensive commercialization program. 

To increase Florida participation in the national solar energy demonstration 
program, the Center has initiated two other activities. One involves assisting 

Florida firms in having their equipment classified as technically acceptable by 
U. S. Energy Research and Development Administration (ERDA), so that such 
equipment may be used in the ERDA and Housing and Urban Development 

(HUD) demonstration programs. The other consists of reviewing proposed 

demonstration project proposals submitted by Florida firms to ERDA with a 
view towards rendering assistance. 
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THE NATIONAL SOLAR ENERGY RESEARCH INSTITUTE—The 93rd Congress in 

1974 (Public Law 93-473) directed ERDA to establish a national Solar Energy 

Research Institute (SERI). The potential economic impact of such a large opera- 
tion on the local community where SERI will be located is considered highly 
beneficial and, hence, has aroused intense efforts by states, organizations, and 

regional consortiums seeking designation of their area as the SERI site. Florida 
has a task force, appointed by the governor, preparing a proposal for attracting 
the SERI program to the Cape Canaveral area. Because of a similarity of missions 

of the Solar Energy Center and the Florida task force seeking SERI, and because 
both are located at the Solar Energy Center, the two programs often are con- 
fused as being the same. They are not! The Center is supporting the SERI pro- 
posal effort in Florida, but the two programs are separately staffed. 

Florida will offer many incentives in its proposal for the SERI site, and con- 

versely the SERI project would be of great benefit to Florida. Near proximity of 
the Center to the proposed SERI site (they are not the same site) clearly would 
be advantageous to furthering the RD&D programs of the Center. Thus, the 
Center supports and encourages a cooperative state-wide effort in preparing a 
strong, technically sound, SERI proposal. With the release of the SERI guide- 
lines by ERDA on March 15, 1976, the Florida proposal will be submitted by 
the July 15, 1976, deadline. 

Future FSEC Activities—Exciting possibilities exist for large-scale solar 
energy utilization. One example is the solar power tower concept, which in- 
volves the use of a large field of tracking mirrors to focus the collected sunlight 
onto a receiver at the top of a central tower. The solar energy is converted to 
high-temperature heat which is used to generate electricity by means of a steam 
or gas turbine driving an electric generator. Another concept especially appro- 
priate to Florida is the utilization of ocean thermal gradients to drive a Rankine 
engine. 

ERDA is committed to research both concepts and has sizeable development 
programs in each area. The Florida Solar Energy Center is attempting to develop 
the capability within Florida for making major contributions to both programs. 
In the somewhat more distant future are additional concepts, such as the Boeing- 
proposed Powersat, an earth-orbiting synchronous satellite with a very large 

solar-collecting capacity. With Powersat, the collected sunlight is converted 
into a beam of microwave radiation which is sent down to a receiving antenna 
on earth for conversion into electricity. The Center will closely monitor develop- 
ment of this concept since it has special implications for Florida. 

Photovoltaic conversion of sunlight into electricity is an approach with many 
potential advantages, including absence of moving parts, a capability for collect- 
ing diffuse as well as direct sunlight, and absence of a need for working fluids 
or complicated mechanical structures. A photovoltaic system could be adapted 
easily for use by electric utility companies with little need for personnel retrain- 
ing. Substantial improvements in photocell efficiency and reduction of manu- 
facturing costs will be required before photovoltaic systems will be economically 
viable. 
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Since no system has yet been devised for practical storage of electrical energy 
for later use, and since there is a great need for other forms of portable stored 
energy, there always will be a corresponding need for stored chemical energy, 
in the gaseous, liquid, or solid state. Hydrogen is an attractive gaseous fuel. It 

burns cleanly, is abundant, and can be readily stored and transported. The staff 
of the Center is searching for efficient and relatively inexpensive systems which 
produce hydrogen from solar energy. Existing techniques are neither efficient 
nor inexpensive. Thus, further research and development work is needed. 

As the costs of fossil and nuclear fuels increase, there will be increased in- 

terest in the development of new forms of solar energy conversion. Active and 
creative minds will devise additional new approaches to the use of solar energy 
for human activities. As the science and technology of solar energy utilization 
develops and matures, the Florida Solar Energy Center will seek to provide 
leadership in this development and will search for ways of making this new tech- 
nology readily available to the people of Florida. The Center welcomes coopera- 
tive involvement with educational institutions and industries throughout the 
southeast in this endeavor. 

Florida Sci. 39(3):173-181. 1976. 

Academy Symposium 

SOLAR RESEARCH AT THE UNIVERSITY OF 

FLORIDA SOLAR ENERGY AND ENERGY 

CONVERSION LABORATORY 

HERBERT A. INGLEY AND GEORGE W. SHIPP 

Department of Mechanical Engineering, University of Florida, Gainesville, Florida 32611 

AssTRACT: Over the past 20 yr, the University of Florida Solar Laboratory has contributed to 
knowledge now utilized in solar energy applications. The Laboratories now are investigating many 
principles established in the past in light of state-of-the-art materials and techniques. Research 
areas include: space heating and cooling with solar energy, refrigeration, solar distillation, solar to 
electric power conversion and solar cooking—to name a few. Work already done is reviewed as well 
as an overview of present research endeavors and future activities such as the United Nations 
project for establishing world-wide energy centers. 

ALTHOUGH the beginnings of solar research at the University of Florida date 
back as early as 1936, the University of Florida Solar Energy and Energy Con- 
version Laboratory did not reach maturity until some 20 yr ago when Dr. E. A. 
Farber joined the University staff. Since then the Laboratory’s record of accomp- 
lishments in the field of solar utilization has earned international as well as na- 
tional attention. A broad spectrum of solar research, encompassing projects from 
aerospace to residential needs, has focused at the University of Florida Solar 
Laboratory. More recently, with the increasing energy cost affecting every in- 
dividual, the Laboratory has concentrated much of its effort on residential ad- 
vances, applying many principles investigated in earlier research endeavors with 
up-dated materials. Parallel with these activities, however, new vistas of an inter- 
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national flavor have appeared as the University of Florida has been selected to 
participate with the United Nations in establishing several world-wide rural 
energy centers. 

Domestic WaTER HEATING AND SOLAR SPACE HEATING—Several years ago 

the Solar Laboratories implemented a solarization project to retrofit the Me- 
chanical Engineering Research Residence (a single family unit containing 1400 
sq ft of living space) with solar equipment. The first phase of the program had as 
its objectives the conversion of the gas fired domestic hot water supply to a solar 
powered unit and the installation of a solar space heating system. 

A solar water heater, which had been donated to the University of Florida 

some time before was installed on the carport roof and connected to the supply 
of the existing gas fired unit (Fig. 1). This arrangement afforded two advantages: 

1) The thermosyphon effect created by the tank-collector orientation shown in the 
Figure eliminates the need for a pump or a controller. 
2) By connecting such a unit to an existing hot water heater allows continued use 
of the existing unit as an auxiliary heater and storage unit. 

Two disadvantages of such a system focus around: 
1) The problems associated with freeze protection and 
2) The necessity of having a collector constructed of materials compatible with 
city codes and able to withstand city water pressure and scale buildup. 

More recent developments in solar water heaters utilize the dual system con- 
cept where a vessel containing the potable water is jacketed with a heat ex- 
changer which in turn is connected to a solar collector. The fluid contained in 
the jacket may be treated with corrosion inhibitors and antifreeze (as codes al- 
low) which affords greater flexibility in selecting materials for the collector core. 

Fig. 1 Solar hot water heater. 
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Concurrent with the installation of the solar water heater, the solar space 

heating system was being constructed. This first project utilized a bank of ten 
flat plate collectors (36 sq ft each) connected to a 3,000 gallon insulated steel 
storage tank. The tank was situated on concrete stirrups slightly above the level 
of the collectors so the thermosyphon effect could be used for circulating the 
heat transfer fluid (a mixture of antifreeze and water). A small (1/6 hp) pump, 

controlled by a conventional thermostat located in the house, circulated water 
through baseboard convectors located along the inside perimeter of the living 

space. 
This system was evaluated for several heating seasons and found to be quite 

satisfactory. It offered two advantages: 
1) low electric power consumption as only a single pump was required to circulate 
the heat transfer fluid and 
2) the baseboard convectors provided a quiet, even heat throughout the living space. 

It also had its disadvantages: 
1) The system required antifreeze for freeze protection. At the conception of this 
system, this was economically feasible for a 3,000 gallon tank, but at today’s prices 
it would be difficult to justify such a freeze control procedure. 
2) Most Florida homes are slab-on-grade construction so that the retrofit installa- 
tion of baseboard convectors would be very costly. 
3) Orienting the tank and collectors as done for this project could also create es- 
thetic problems for the typical homeowner. 

The second generation system now located at the University of Florida Solar 
Research Residence (Fig. 2) has the solar collector bank located on the roof. In 

the new design, extra collector area was added to provide sufficient capacity 
for the operation of the solar air conditioning system. A centrifugal pump (1/4 
hp) controlled by a differential temperature controller circulates fluid from the 
tank through the collector bank (12 collectors at 48 sq ft each). When the tem- 
perature of the water in the collector bank exceeds the temperature of the water 
at the bottom of the tank near the inlet to the pump, the differential controller is 
energized and fluid is circulated through the collector bank. If this condition 
reverses for any reason, e.g. the sun goes behind a bank of clouds for some period 
of time or the sun sets in the evening, the differential temperature controller 
de-energizes the pump and stops the circulation of fluid through the collector 
bank. Freeze protection is provided by a separate sensor located in the collector 
bank. If the temperature of the collector bank drops to within a few degrees of 
freezing, the differential temperature controller energizes the pump long 
enough to fill the collector bank with some of the hot water contained in the stor- 
age tank. 

The new heating system has also been evaluated for several heating seasons. 
Two modes of introducing heat into the living space have also been investigated: 
a baseboard convectors system and a forced air system. Data taken during the 
test period indicate that both systems can adequately provide a comfortable en- 
vironment for the residents of such a solar powered home (Farber et al., 1975). A 

full report on this study is expected in thesis form about June, 1976. 

SoLAR Space Coo.inc—Although the University of Florida Solar Labora- 
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Fig. 2 Front view of solar house. 

tories have constructed eleven solar power refrigeration units over the last 20 
yr, all have been experimental prototypes constructed mainly to investigate the 
capability for producing a refrigeration effect with solar energy. Some of these 
units used fluids heated with solar concentrating devices and some used fluids 

heated with conventional flat plate collectors. To meet today’s needs and to add 
another dimension to the University of Florida’s solarization project, the Solar 
Laboratory designed and constructed a 2% ton solar air conditioning unit to pro- 
vide comfort cooling for the Solar Research Residence. The system selected was 
an ammonia/water absorption unit. Earlier investigations indicated that this sys- 
tem provided the greatest flexibility for operation with solar heated fluids. 

The unit installed at the Solar Research Residence (Fig. 3) is classified as an 

intermittent ammonia/water absorption unit; it is so called because of the inter- 
mittent way in which refrigerant is generated and expended by the system. Hot 
water is circulated from the insulated storage tank through a heat exchanger 
located in a vessel designated as the generator/absorber which contains a solu- 
tion comprised of ammonia and water. As heat is liberated from this solar heated 

water to the solution, ammonia vapor is driven from this vessel to an adjacent 
vessel designated as the condenser/evaporator. 

Cooling water furnished by a cooling tower is circulated through a heat ex- 

changer located near the top of this vessel. The ammonia vapor is condensed to a 
liquid form and collects in the bottom of the condenser/evaporator vessel. This 
mode of operation is referred to as the generation mode and is designed to take 
place in a very short period of time. During this part of the operation chilled 
water may not be furnished to the house. When a sufficient level of refrigerant 
has been produced, the air conditioning unit is then available for cooling the 
house. 
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The cooling water is diverted from the condenser section of the condenser/ 
evaporator to the tube bank located in the bottom of the generator/absorber, 

thereby dropping the temperature and pressure of the solution contained in that 
vessel. The reduced pressure in the system allows the liquid ammonia contained 
in the condenser/evaporator to vaporize at a low temperature. Water circulated 
through a heat exchanger located in the bottom of the condenser/evaporator 
vessel liberates its heat to the liquid ammonia thereby vaporizing the ammonia 
and cooling the water. 

The chilled water is circulated through a coil located in the forced air cooling 
system of the house. As the ammonia vapor leaves the condenser/evaporator 

it returns to the generator/absorber which is now functioning as an absorber 
and is re-absorbed back into solution. When the initial charge of ammonia re- 
frigerant has been expended from the condenser/evaporator,the control returns 
the air conditioning system to the generation/condensation mode and a new 
charge of refrigerant is generated (Farber et al., 1975). 

The intermittent ammonia/water absorption air conditioning system has 
been evaluated for approximately two cooling seasons. The system is currently 
being instrumented with automatic controls to evaluate new control techniques 
which were developed during the initial experimental work performed on the 
unit. Work is underway on the design and construction of a continuous ammonia 
/water absorption air conditioning system which will be installed at the Univer- 

sity of Florida Solar Research Residence. This work is a follow-up to a study 
recently completed by J. A. Clark (1976) which is available in thesis form. 
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Fig. 3 Solar air conditioner. 
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SoLaR DistTrLLaTion—Another facet of the increasing cost of energy which 
has probably eluded many of us, but has become a serious problem for many 

others has been the energy required to produce potable water from either waste 
water or saline water. The University of Florida has recently completed a study 
with the city of St. Petersburg in which solar energy provided a viable solution 
to a growing need for fresh water by the city. 

In a more scientific vein, the University of Florida Solar Laboratories are 

investigating solar distillation on two levels of research. In one case a system 
is being designed for residential use so that some of the waste water normally 
produced by a household can be economically distilled with solar energy and 
used for some other purpose. The design under construction incorporates some 
fairly unique concepts and should provide an interesting result when the proj- 

ect is completed. A second project is investigating the thermal properties of the 
fluids involved in solar stills in the hopes that some increase in the still’s effi- 
ciency may be achieved by affecting such things as surface tension of the fluid 
and the mobility of the vapor molecules leaving the surface of this liquid. 

SOLAR TO ELECTRIC Conversions—There is a multi-prong effort at the Uni- 
versity to investigate methods of converting solar energy to electrical energy. 
Several of these efforts are being made by men such as R. L. Bailey (1975) of the 
Department of Electrical Engineering. Dr. Bailey’s efforts have been in the di- 
rect conversion of solar energy to electrical energy. 

The Solar Laboratories have recently completed a study of a system which 

could be utilized at the residential level for converting solar energy to a thermal 
process to electrical energy. As an example, flat plate collectors would be used 
to heat water which would be stored in an insulated tank. Hot water in this tank 
would be circulated to a boiler where some motive fluid would be produced and 
in turn would drive some device such as a turbine connected to a generator. The 

electric generator would furnish power to a bank of batteries for electrical stor- 
age or could furnish electricity directly to the home to supplement electrical 

energy received through normal utility connections. The results of this study 
is expected to be available after June of 1976 in the form of a thesis by Paul 
Arnold entitled, ““The Production of Electric Power with a Rankine Cycle Utiliz- 
ing Solar Energy’. 

COOKING WITH SOLAR ENERGY—Two years ago the University of Florida Solar 
Laboratories embarked on a rather unusual project; the investigation of a system 
for providing 24-hr cooking capability for a typical residence. In the process of 
analyzing the various components which would make up such a system, several 
innovative ideas were realized which could be used in many other solar appli- 

cations. 

The basic cooking system, as originally conceived, would be comprised of 
an insulated storage tank equipped with a submersible pump, containing a high 
temperature heat transfer media, and a cooking range located in the house. The 
utilization of high temperature heat transfer media would then provide the vari- 

ous cooking functions. 
Each of these components in itself provided a special design problem. The 
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insulated storage tank with submersible pump must be large enough to provide 
enough capacity to provide at least a day or two days cooking capability, it must 
be constructed in such a way to meet fire codes, and it must be equipped with 
a pump which will provide reliable performance in the temperature range of 
400-600°F which are being considered for the project. Phase change materials 
are also being considered for this storage capability. 

The heating elements must perform as well as conventional heating elements. 

They must be able to respond quickly to changes in the flow rate of the heat 
transfer media (Elder, 1975). The operation of the oven section of the range 

should be quite satisfactory, as all the surfaces of the oven may be used as radi- 
ating surfaces if the walls are constructed as heat exchanger panels through 
which the heat transfer media may be circulated. 

A concentrating collector to be used with the system did not present any new 

problems, as several of these units have been built and tested at the University 
of Florida Solar Laboratories. However, it proved desirable to have a tracking 
mechanism which would be essentially maintenance free if such a collection sys- 
tem were to be utilized at the residential level. The ultimate solution of this 

_ problem was found in the design of a fluid-mechanical system deriving its power 

for operation from the sun; making it completely independent of any electrical 
power input. The tracking device utilizes two sensor bulbs containing a low boil- 
ing point fluid which are located on the parabolic collector. If these sensors are 
shaded unequally pressure differentials created in the sensors drive power cylin- 
ders, which in turn, through a rack and pinion drive system rotate the large para- 
bolic collector in alignment with the sun. The device also offers an advantage in 
that if the sun should go behind some clouds for several minutes the unit will re- 
set itself as soon as the sun clears the clouds. Of course, the device will also drive 

the solar concentrator back to an eastern orientation in the morning when the 
sun rises. An evaluation of the tracking device indicates that it has a very good 
response time and tracks the sun within a few degrees (Morrison et al., 1976). 

SuMMARY—In summary, the University of Florida has been involved on many 
fronts of solar research and development, too many to discuss in a single paper. 
Other projects within recent years have involved such things as selective coat- 

ings for flat plate collectors, evaluation of heat transfer coefficients for the am- 
monia/water system, studies of solar powered refrigeration units, solar calori- 
metry, just to name a few. 

New fronts which are opening up for research in the area of solar energy, 
even though possibly on a lower technological level, may have world-wide im- 

pact for those newly developing nations. The United Nations has within the last 
year implemented a program where the University of Florida and two other re- 
search groups will participate jointly in the research and development necessary 
for the construction of rural energy centers in areas of the world requiring very 

basic needs such as fresh water, light, and cooking capabilities. 
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Academy Symposium 

SOLAR ENERGY RESEARCH AT THE 

GEORGIA INSTITUTE OF TECHNOLOGY 

ALBERT P. SHEPPARD AND J. RICHARD WILLIAMS 

College of Engineering, Georgia Institute of Technology, Atlanta, Georgia 30332 

AsstRrActT: The Georgia Institute of Technology is currently engaged in a wide range of solar 
energy research projects funded by ERDA, NSF, NASA, USDA, and other agencies. A major agri- 
cultural applications project is developing several types of low-cost, but effective, solar collectors 
for farming use. A complete home heating and cooling system is being installed on the campus; one 
large solar heated and cooled building is completed and another is under construction. A new type 
of fixed mirror concentrator, which has been operating since last summer, is undergoing continuing 
testing and improvement. The largest research effort at Georgia Tech is directed toward central station 
power generation; projects include the installation of 400 KW solar steam plant on campus, develop- 
ment and testing of a 5 MW thermal storage unit, and design of the United States solar thermal test 
facility. Extensive involvement in international programs has also been a highlight of Georgia Tech's 
solar energy efforts. Cooperative efforts are underway or proposed with ten other countries including 
France, Italy, Algeria and Canada. 

THE Georgia Institute of Technology has one of the largest and most varied 
solar energy research and development programs at any university in the United 
States. Sponsored programs on the utilization of solar thermal energy cover the 
entire temperature range from agricultural drying, which may require a tem- 
perature of only 10° above ambient, to central station power plants using a large 

array of mirrors to focus intense sunlight onto a boiler. 
AGRICULTURAL APPLICATIONS—In agriculture, there are substantive energy 

requirements, particularly for drying. A variety of crops such as corn, soybeans, 
peanuts, tobacco, grapes, fruits, pecans, and forage may be dried prior to con- 
version to commercially viable products. While many crops have been field- 
dried for centuries, this process leaves the farmers’ profits at the mercy of the 
elements of nature which range from destruction by rodents and mold to de- 
struction by simply poor weather. Estimates from USDA 1973 harvest statistics 
indicate that Georgia peanut crops consume on the order of 10'' BTU in drying 
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energy annually. Similar demands occur from other crops. All of these crops, ex- 

cept forage, are dried at low temperature, making solar energy an extremely 
attractive alternative to bottled gas, which now retails in many locales at more 
than $3/million BTU. Flue-cured tobacco is one of the most interesting crops 
from a design standpoint in that five different temperature plateaus from 90°F 
to 170°F are used over a typical drying time in excess of 100 hr. 

At Georgia Tech, a comprehensive program in improvement of agricultural 
drying collector design and associated instrumentation has been undertaken. 
This program is under the sponsorship of USDA and the Georgia Institute of 

Genetics. J. H. Schlag and A. P. Sheppard are co-principal investigators on the 
project with active participation from D. C. Ray and J. M. Wood. Extensive com- 

parisons have been made on the physical properties of various collector glazing 
materials-glass, fiberglas reinforced plastic, various polyethylenes, PVC and 

PVF. Life cycle, transmittance, relative cost and ease of use have all been con- 

sidered. The relative advantages and disadvantages of water and rocks as stor- 
age media have been examined. Collector designs being studied include: 

1. A rock heat collector, which consists of a 6”-18” layer of black painted rocks 
under two layers of glazing separated by an air gap. During the day when more heat 
is being produced than is being used, air can be recycled to heat the entire layer of 
rocks. Thus, the rock bed serves both as a solar collector and an energy storage sys- 
tem. 

2. An air heating collector, which consists of a single layer of clear glazing, a stag- 
nant air gap, and a layer of black polyethylene. Air can be pulled behind the layer 
of black polyethylene. Storage is obtained by circulating the hot air through a rock 
bed. 
3. A solar pond which consists of a layer of glazing material, a stagnant air gap, and 
a layer of glazing floating on 6” of water which rests on a black polyethylene back- 
ing. 
4, a solar greenhouse, of modular construction, which consists of two layers of plas- 
tic glazing on the south facing wall and a reflective north wall. Heat storage for night 
operation is provided by rocks stored beneath the structure. 

Comparative performance data of the various collectors are being obtained. 
Emphasis has been placed on the instrumentation and data acquisition sys- 

tem used to collect performance data. A microprocessor and digital recording 

system form the nucleus of this system. A time multiplex scanner has been de- 
veloped which can handle as many as sixty thermocouples monitoring various 
collector system points. The following measurements are now being routinely 
obtained. 

1. Temperature—using self-compensating thermocouple systems and thermistors. 
2. Humidity—using optical dew point and wet bulb-dry bulb. 
3. Flow Rates—using turbine flow meters for water and hot wire anemometers for 
alr. 

4. Insolation—pyranometers and pyrheliometers for measuring total horizontal inso- 
lation, total incident insolation, direct incident insolation, and the spectral distri- 
bution of the insolation. 
5. Wind speed using a cup-anemometer. 
6. Wind direction using a weather vane. 

The primary applications of these systems are intended for crops of peanuts, 
tobacco, and forage—important to the southeastern United States, although they 
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should be readily extended to other crops which are hung or layered in small 
barns or trailer-type vehicles. 

HEATING AND COOLING FoR HomEes—A complete solar home heating and 
cooling system using 44 modular collectors of different types is being installed, 
under the direction of the authors, on a platform on one of the Georgia Tech Me- 
chanical Engineering buildings. Hot water from the collector array is used to 
operate an Arkla-Servel 500 WF 3-ton absorption air conditioning unit to cool 
two classrooms that were not previously air conditioned. Two 2000 gallon steel _ 
tanks are used for hot water storage. This project serves two purposes: 

1. It provides students, faculty, interested professors, and the public an opportunity 
to see a complete, operating home solar heating and cooling system, with all major 
components exposed for inspection. Modifications of the system configuration and 
control logic can be easily made to permit testing and evaluations of a wide variety 
of different types of solar home heating and cooling systems. 
2. Since each of the eight different types of solar collectors in the array are sepa- 
rately instrumented, the long-term average efficiency of each type of collector can 
be measured while the collectors are actually being used to provide cooling or heat- 
ing in Atlanta. Thus, this versatile system will also be used as a test bed for solar col- 
lectors and other solar system components. 

At the present time, all 48 collectors (900 sq ft) are on the building, and the 
chiller storage tanks and other major components are at Georgia Tech. The solar 
and wind data station on the same building has been monitoring total and direct- 

only insolation and wind speed and direction for the past eight months. The data 
acquisition system which is being installed will record these data and all perti- 
nent system performance data on computer-compatible tape for analysis. 

HEATING AND Coo.inc oF Buitpincs—The first major building project in- 
volving solar heating and cooling, in which Georgia Tech participated, was the 

George A. Towns Elementary School of the Atlanta, Georgia, City School Sys- 
tem. This project was undertaken in 1974-75 with Westinghouse Special Systems 

as prime contractor, Burt-Hill and Associates as the solar architects, and Georgia 

Tech as monitoring and instrumentation project engineers. Dr. S. C. Bailey 
served as principal investigator on the Georgia Tech portion of the project, and 
was aided by Professors F. Clarke, J. Craig, and P. Kadaba. 

The Towns School is an existing one-story, 32,000 sq ft elementary school 

building serving about 500 students. It was already equipped for hot water heat 
and chilled water air conditioning although no chiller had ever been installed. 
Pittsburgh Plate Glass Industries solar panels were mounted on the roof at a slope 
of 45°. There were 10,000 sq ft of flat plate collector installed. A total of 576 col- 

lectors were used. In addition, a crude collector reflector of aluminized Mylar" 
sloping downward toward the north at 36° was mounted to provide additional 

radiation to the collectors during the summer months. There were more than 
12,000 sq ft of this crude reflector used. The design was such that there would 

be a maximum gain factor of about 1.7 during the month of August which would 
furnish a total radiant power of about 400 BTU/sq ft. | 

The storage system for the building consists of three 15,000 gallon water 
tanks. All three tanks are designed to hold 140°F water in mid-winter, whereas 
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in summer, two of the tanks will run at about 200°F water and the third tank 

is storage for chilled water. The 100 ton Arkla lithium bromide absorption chiller 
is used for the cooling. While the system only went into operation in late Novem- 
ber 1975, it is expected on a year-round basis that about 60% of the cooling and 
heating will be obtained from solar energy. 

Dr. J. Richard Williams is responsible for the construction of a new 54,000 

sq ft multipurpose community center incorporating 10,500 sq ft of flat plate solar 
collectors in the roof, with augmentation by 14,000 sq ft of polished aluminum 
reflectors which provide additional heat input during the summertime as shown 
in the model photograph of Fig. 1. Thermal storage is provided by a 15,000 gal- 
lon, 400 psig, hot water storage tank and two 30,000 gallon unpressurized steel 
tanks for chilled water storage. In addition, a 4,000 gallon hot water storage tank 
in the primary flow loop prevents excessive cycling of the 100 ton LiBr absorp- 
tion chiller. The building is partially underground and incorporates numerous 

energy conserving features. The individual 21 x8 ft solar collector modules are 
factory-assembled for low-cost installation on the building. They are rated for 
500°F dead-end temperature, use selectively coated copper absorber plates, 
are double glazed with low-iron glass, insulated to R-20, and warranted for a full 
year by the manufacturer. The solar energy system will provide over 90% of the 
total annual energy required for winter heating and at least 50% of the total 
annual energy required for summer cooling. In addition, it will supply hot water 

Fig. 1. Model of Shenandoah Community Center. 
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for domestic use and for servicing the ice rink. In the autumn and spring, heat 

from the solar collectors which is not needed for space heating, cooling, or hot 
water, will be used to heat an adjacent swimming pool. This project is being sup- 

ported by a $730,000 grant from ERDA, and is expected to be completed in Sep- 
tember of this year. 

LinEAR Focusinc CoOLLECToRs—Some important solar energy applications 
require higher temperature collection than is practical with flat plate collec- 
tors, so focusing collectors must be used. Since large concentrating surfaces are 
subject to high wind loadings, it is often advantageous to fix the reflecting sur- 
face in a stationary supporting structure and steer a much smaller heat exchanger 

so that it remains in the focal region. Several fixed concentrator moving heat 
exchanger systems have been proposed using spherical and parabolic concen- 
trators. The faceted fixed mirror concentrator (FFMC) has no off-axis aberration 

and focuses sunlight sharply regardless of the incident light direction. It is com- 
posed of long, narrow flat reflecting elements arranged on a concave cylindrical 
surface, and the heat exchanger is supported on arms that pivot at the center 
of the reference cylinder. Concentrators of this general type are useful for appli- 
cations such as supplying air conditioning, process heat, and electrical power. 

A 540 sq ft prototype FFMC has been built at Georgia Tech (Fig. 2) under 
the direction of Dr. Williams with a $280,000 grant from NSF and ERDA. The 
reflector array is 7 ft wide and 80 ft long with 28 single-weight 2.9 in wide rear- 
surfaced mirror slats symmetrically positioned about the concentrator axis. The 

subtended angle of the cylindrical surface on which the slats are positioned is 
105°, and the collector is oriented east-west and tilted at the latitude angle. The 
heat exchanger for heating air is constructed with a terminal concentrator con- 
sisting of polished aluminum and stainless steel reflectors to minimize heat loss 
and maximize heat absorption on the side facing the reflector. Heat collection 
temperatures in excess of 800°F have been measured. An automatic steering 

device maintains the heat collector at the focus and rotates it so that the receiver 
aperture always faces the center of the concentrator. The reflecting mirrors are 

supported by aluminum extrusions which are supported by aluminum ribs. A 
tank of stones is used to store heat at about 500°F. The collector is located on 

the roof of one of the Mechanical Engineering buildings at Georgia Tech. 

This collector was constructed only of components of proven durability and 
acceptably low cost. Thus, commercial rear-surfaced mirrors with a reflectivity 

of 85% and a cost of 35¢/sq ft were chosen for the reflecting facets. The ribs and 
supporting extrusions are of aluminum alloy, and the fasteners are of cadmium- 
plated steel. All metallic surfaces are coated to enhance the appearance of the 

concentrator and increase its durability. 

This collector heats air to 600°F with an efficiency of about 40%. A new 

evacuated heat exchanger (receiver) with thermanol as the heat transfer fluid 

is now being installed, and should increase the collector efficiency to 60% at 
600°F. This collector is now for sale at $35/sq ft, and $20/sq ft for more than 

10,000 sq ft. 
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Fig. 2. Faceted Fixed Mirror Concentrator located atop the Mechanical Engineering Building 
at Georgia Tech. 

SoLaR FurNACES—Georgia Tech has conducted materials research programs 

in collaboration with the Centre National de la Recherche Scientifique (CNRS) 
in France since 1972. CNRS owns and operates the 1000 KW Solar Furnace in 
southern France (Fig. 3) currently the world’s largest high-temperature solar test 
facility. During its materials development activities, Georgia Tech identified a 
military need which called for measurement of the radar transmission properties 
of materials while those materials were subjected to high heat fluxes. Conven- 
tional heating methods, such as the use of flames or electrical radiant heaters, 

either interfered with the radar measurements or were incapable of reaching the 
desired heat fluxes. The CNRS Solar Furnace offered the possibility of attain- 
ing very high heat fluxes using pure radiant energy which did not interfere with 
radar. The first sponsored program was a fundamental study on the behavior 
of ceramics and metals subjected to pulses of intense thermal radiation. Many 
of the specimens reacted differently than expected, and the resulting experimen- 
tal data were useful to the Army for radar design purposes and to NASA for de- 
signing heat shields to be used on planetary entry probes for Venus and Jupiter. 

The second sponsored program was an applied study intended to measure the 
radar transmission characteristics of radomes (nose cones) used on missiles during 

reentry into the earth's atmosphere. The solar furnace allowed reentry heating 

to be simulated while the radar tests were conducted. 

Georgia Tech has assisted the U. S. Army Test and Evaluation Command in 
calibration of the White Sands Solar Furnace and advised the facility operators 
on techniques for solar furnace measurements. The U. S. Army Solar Furnace 
was built in 1958 by the Quartermaster Corps at Natick, Massachusetts. It even- 
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tually fell into disuse, and in 1973 was moved to the White Sands Missile Range 
in New Mexico. There, it was assembled by the Nuclear Weapons Effects Labo- 
ratory, primarily for testing of military material under conditions simulating 
exposure to nuclear weapons. By the time the White Sands Solar Furnace was 
ready to resume operation at its new location, Georgia Tech had conducted two 
test programs at the CNRS Solar Furnace in France. The U. S. Army contracted 
with Georgia Tech to perform a new calibration of the heat flux at the focal point 
of the solar furnace and to assist in implementing newly developed measurement 
technology such as determination of temperatures by optical methods. The pro- 
gram was completed in 1975. 

SOLAR POWER GENERATION—One major new project, funded by ERDA, is 
for the development and evaluation of a 400 KWth solar steam generating plant 
and test facility, the largest in the United States. The objectives of this program 
are to transfer solar energy technology developed in Italy to the United States 
and to provide an important test facility in this country. For about 15 yr, Pro- 
fessor Giovanni Francia of the University of Genoa in Italy has been engaged in 
the development of solar powered steam generators. His current design has pro- 
gressed through four generations of development, with various modifications in- 
corporated into the receiver and heliostat field. The present Francia Solar Steam 
Generation Pilot Plant in Genoa produces 100 KWth of superheated steam at 
600°C and 150 atmospheres (1100°F and 2200 psi) which is well within the range 
preferred for electrical power generation. The new steam plant to be erected on 
the Georgia Tech campus will be about three times as large as the Genoa facility, 
producing about 300 KWth of steam at the same output conditions. This steam 
plant will follow the same general design used in Genoa and will be supplied 
by ANSALDO, S.p.A., an Italian industrial organization; ANSALDO will also 

supply professional services to assist in plant start-up and training of United 
States personnel. Acquisition of the Francia facility in the United States and 
careful study of Professor Francia’s techniques is expected to yield substantial 
benefits to this country’s solar thermal conversion program by broadening our 
knowledge and experience in this field. The facility is expected to be in opera- 

tion at Georgia Tech in late 1976. 
Another program involves the design, construction, and testing of a solar 

steam generator in order to acquire design information and operating data based 
on real experience. This is one of the early projects in solar thermal conversion 
begun under the National Science Foundation in 1974. Martin Marietta and 
Georgia Tech have conducted the program as a team, with collaboration of the 
Centre National de la Recherche Scientifique (CNRS) in France. The Energy 
Research and Development Administration (ERDA) assumed responsibility for 
the program when that agency was organized in 1975. This program also utilizes 

the CNRS 1000 KW Solar Furnace in southern France that is shown in Fig. 3. 
The solar steam receiver design was chosen on the basis of two primary consid- 
erations: (1) it must model as closely as possible the design expected to be used 
in a commercial solar electric power generation plant, and (2) it must be scaled 
for solar testing in the CNRS Solar Furnace. The solar receiver is designed to 
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Fig. 3. French CNRS 1000 KW Solar Furnace located in Odeillo in the eastern Erore 

convert water to superheated steam at conditions acceptable for operation of 
conventional steam turbo-generating machinery; the output steam conditions 
will be 950°F and 1250 psi. It, thus, performs the function of the boiler-super- 
heated in a normal fuel-fired electrical generating plant. The receiver is built 
in the form of a pyramid-shaped box with high-pressure steel tubing lining the 
interior walls. The tubing is illuminated by the concentrated solar radiation sup- 
plied by the solar furnace and water circulation inside the tubing is converted 
to steam. Georgia Tech has made major contributions to the receiver design and 
has provided special hardware required for the test program. 

Another program involves the preliminary design of a 10 MWe (megawatt- 
electrical) Pilot Plant for generation of electrical power using solar energy. 
Georgia Tech is teamed with the Martin Marietta Corporation (prime contrac- 
tor), Foster-Wheeler Energy Corporation, and the Bechtel Corporation. The 
project is one of four multi-million dollar design programs begun by ERDA in 
the summer of 1975, whose goal is to demonstrate the technical and economic 

feasibility of generating electric power by solar thermal conversion. Upon com- 
pletion of the four independent Pilot Plant preliminary designs, it is likely that 
the best features will be adopted and merged into one or two final designs, fol- 
lowed by construction of one or two operating Pilot Plants. A 10 MWe Pilot 
Plant will be a miniature commercial plant and will incorporate all the techni- 

cal features needed to be compatible with the complex systems operated by the 
electric power generation industry in the United States. It will be integrated 
into a commercial power net to demonstrate that it can perform within the rules 
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and strategies used to control such nets. The Pilot Plant is divided into four sub- 
systems: (1) the Collector Subsystem consisting of the heliostats (mirror assem- 
blies) which collect solar radiation and focus it into the receiver, (2) the Receiver 
Subsystem consisting of the solar boiler elevated on a tower, (3) the Thermal 

Storage Subsystem which stores heat for generation of steam during cloudy pe- 
riods and in the evening, and (4) an Electrical Power Generation Subsystem 
which includes the turbogenerator, heat rejection apparatus and water supply 
equipment. Research Experiments have been designated for the above areas, 
each of which will model one of the pilot-plant subsystems. 

Georgia Tech is responsible for the Thermal Storage Subsystem within the 
Martin Marietta Pilot Plant team, and will design, build, and test the Thermal 

Storage Subsystem Research Experiment. The Thermal Storage Subsystem Re- 
search Experiment will consist of a 2 MWth thermal storage system (about one- 
twentieth the size of the Pilot Plant thermal storage system). The Research Ex- 
periments will furnish real operating experience which can be used to improve 
the Pilot Plant preliminary designs. The principle adopted for this thermal stor- 
age system involves storage of heat in liquids. Two storage media are used at 
different levels of temperature: (1) a molten inorganic salt mixture to store heat 
at 850°F, and (2) a hydrocarbon oil to store heat at 570°F. The storage tempera- 
tures are established by the steam conditions necessary to drive the turbogener- 

ator when the turbine is running on stored energy; the Thermal Storage Subsys- 
tem will supply steam at 750°F and 600 psi to the turbine. In order to test the 
Thermal Storage Research Experiment, charging steam must be supplied at 950° 
F and 120 psi. The only places where this steam is readily available are electri- 
cal generating plants, and arrangements have been made to construct the Ther- 
mal Storage Subsystem Research Experiment at the Georgia Power Company’s 
Plant Yates near Newnan, Georgia, about 40 miles southwest of Atlanta. The 
Research Experiment occupies an area of about one-third acre adjacent to one 
of Georgia Power’s generating units. 

A 5 MW Solar Thermal Test Facility (STTF) is to be built at the ERDA in- 

stallation operated by Sandia Laboratories near Albuquerque, New Mexico. The 
purpose of the STTF is to test experimental designs of solar receivers, heliostats 
(mirror assemblies), thermal storage systems and other high-temperature solar 
equipment. It is scheduled for operation at the 1 MW power level in late 1976, 
and at the 5 MW power level in mid-1977. Equipment to be tested will be sup- 
ported on a central tower and illuminated by a surrounding field of heliostats. 

The prime contractor for the STTF Conceptual Design was Black and Veatch, 
Consulting Engineers. Black and Veatch subcontracted with Honeywell, Incor- 

porated, and Georgia Tech for technical assistance in their respective areas of 
expertise. Georgia Tech was selected because of broad base of experience ac- 
quired in its work at the U. S. Army White Sands Solar Furnace and the CNRS 
Solar Furnace in France. Georgia Tech has provided technical recommendations 
concerning facility layout, arrangement of working space, safety and operating 
procedures based on its previous solar testing experience. Also, Georgia Tech 
has performed a conceptual design for a 1 MW “Working Receiver” which will 
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be owned by the STTF and used for heliostat alignment and testing, and has de- 
signed methods for protecting the test tower against damage by focused radia- 
tion inadvertently directed onto the tower. 

The objective of another program is to develop a conceptual design for a 
solar electrical generation system using air, rather than steam, as the working 
fluid. The work is sponsored by the Electric Power Research Institute (EPRI): 
Black and Veatch is the prime contractor and Georgia Tech is a subcontractor. 
Georgia Tech’s area of responsibility is the application of ceramic materials tech- 
nology to the design of an energy receiver employing ceramic structured parts. 
The ERDA-sponsored work in solar thermal conversion is based on the use of 
the Rankine thermodynamic cycle with steam as the working fluid. EPRI is spon- 
soring two programs to investigate solar thermal conversion using the Brayton 
thermodynamic cycle with gases as the working fluids; one of these is the Black 
and Veatch/Georgia Tech effort based on a gas turbine driven by heated air. In 
this system, the gas turbine, electrical generator, and heat receiver, are all 
mounted at the top of a tower and surrounded by a field of heliostats. The gas 
turbine operates in much the same manner as a jet aircraft engine, except that 
the engine’s combustion chamber is replaced by a solar-heated receiver in which 
the temperature of the air is raised to the range of 2200°F. There are several 
technical advantages to this approach for electrical power generation: (1) no 
equipment is needed for cooling the working fluid because the used air can be 
exhausted directly to the atmosphere, (2) gas turbines are less expensive than 
steam turbines of the same capacity, and (3) higher cycle efficiencies are possible 
in the gas system than with the steam, thereby reducing the number of helio- 
stats required for a given electrical output. There are also disadvantages: (1) at- 
tainment of high cycle efficiency requires that air be heated to very high tem- 

peratures and this in turn demands that the receiver be constructed of ceramic 
materials rather than metals, a much more difficult fabrication task, and (2) the 

pressure drop caused by flow of air through the receiver must be kept very low to 
avoid severe penalties in cycle efficiency. The gas-operated solar electrical 
power generation processes thus require more fundamental development than 
the steam processes, but offer possibilities for better efficiency when success is 
achieved. 

Georgia Tech is also assisting ERPI in defining the scope of testing services 
which they would need to support their various solar energy programs, to de- 
fine the facility and site requirements for performing these tests and to develop 
a conceptual design and cost analysis for the facility. The federal government 
has recently expanded its funding of solar research programs. The programs vary 
from simple water heaters to highly complex solar power generation systems. 
Although a number of thermal storage systems are being studied for use at night 
or during inclement weather, presently conceived systems do not show promise 

for extended periods of use. It has also been determined that the most economi- 
cal solar powered system uses little or no storage in many instances. All this says 
that an alternative source of energy is needed. The most likely source of this al- 
ternate energy is electricity. Few of the government sponsored programs have 
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looked into the impact of solar energy on the electric utility industry. If there 
is a great move to solar energy without careful consideration of alternative or 
standby energy sources, adequate reserve generating capacity may not be avail- 

able. The EPRI Solar Programs are designed to look into the impact of solar 
energy on the utilities and the best approach to insure adequate standby energy. 

The purpose of the program discussed here is to determine what type of Solar 
Materials and Components Test Facility (SMCTF) is needed to support these 
programs. 

The solar power generation and solar furnace work is being conducted in 
the Solar Energy and Materials Technology Division of Georgia Tech’s Engi- 
neering Experiment Station. Among the principals who have had extensive in- 
volvement in these programs are N. E. Poulos, J. D. Walton, S. H. Bomar, C. T. 
Brown, and J. M. Akridge. 

INTERNATIONAL ProcRAMS— While cooperation has been noted already with 

the French and the Italians in the area of high temperature solar thermal power 
generation, cooperative efforts have been initiated or are under discussion with 
researchers in a number of other countries. For example, efforts have been pro- 
ceeding for more than a year with the Brace Research Institute of McGill Uni- 
versity in Canada. Mr. Tom Lawand, Director of the Brace Research Institute 
Field Operations, is the liaison contact there. Among the areas where data ex- 
change is taking place are solar cookers, solar ponds, and agricultural dryers. 
Plans are underway with Brace Institute for cooperative design of solar powered 
pumping and irrigation facilities in Mexico, Senegal, and Sri Lanka under the 
general sponsorship of the United Nations. 

A program has been initiated with the ONRS (Organisme National de la 
Recherche Scientifique) of the Algerian Government for the implementation of 
a comprehensive energy research program in Algeria. This will consist of nuclear 
and solar energy research. At present, the Algerians have a 50 kw parabolic fur- 
nace operating atop the mountain on which the city of Algiers is located. The 
Algerians plan to build another large furnace in the Sahara of southern Algeria. 
Various heating and cooling of building applications and agricultural process ap- 
plications have been discussed and proposed with Kuwait, Saudi Arabia, Iran, 
Korea, and the Philippines. It is expected that 2-3 of these agreements will be 
negotiated and operative by the end of calendar year 1976. 

Most of the international aspects of Georgia Tech’s solar energy program, 
other than the cited French and Italian efforts, are under the general coordina- 
tion of the authors. 

Conc.usion—Georgia Tech is engaged in a multi-million dollar solar energy 
research program which spans all aspects of solar energy from low temperature 
applications in agriculture through building heating and cooling, industrial proc- 
ess heat, and high temperature power generation. More than 50 researchers 
are involved in these programs and more than 20 different externally funded 
projects have been undertaken within the last 3 yr. Efforts are now underway 
to expand the international activities in solar energy research and to continue 

and expand the extensive programs already underway. 
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ABsTRACT: An experimental investigation of 16 different refrigerant-absorbent fluid pairs has 
been carried out in order to determine their suitability as the working fluid in a solar powered ab- 
sorption cycle air conditioner. Criteria used in the initial selection of a refrigerant-absorbent pair 
included: High affinity (large negative deviation from Raoult’s Law), high solubility, low specific 
heat, low viscosity, stability, corrosing, safety and cost. For practical solar considerations of a fluid 
pair, refrigerants were selected with low boiling points whereas absorbent fluids were selected with 
a boiling point considerably above that of the refrigerant. These additional restrictions are deter- 
mined by the operating temperatures of the absorber and the generator of an absorption cycle air 
conditioning system. These temperatures were specified as 100°F (39°C) and 170°F (77°C). Data 
are presented for a few selected pressures at the specified absorber and generator temperatures. 

CONSIDERABLE work has been done in the past toward adapting absorption- 
cycle air conditioners to operate directly from solar energy. The results of some 
of these experiments have been reported by Curran (1975); Iachetta (1974); Sem- 

mens, Wilbur, and Puff (1974); and NASA (1974). To date, the ammonia-water 

system and the lithium bromide-water system, have been operated successfully 
from solar collectors although the results have been less than spectacular. Am- 
monia and water systems operate with a lower coefficient of performance than 
that of lithium bromide systems. The operational pressures are greater in am- 
monia systems and as a result will require greater pumping power. In addition, 
ammonia is a Class 2 refrigerant and cannot be installed in building air-handling 
systems. 

Semmens, et al. and Chung, et al. (1963) indicate that lithium bromide-water 

systems tend to crystallize at high salt concentrations, and operate at about 50% 
cooling capacity with reduced dehumidification capacities at generator tem- 
peratures around 180°F (82°C). At these low generator temperatures (which 

represent the upper limit of flat plate collectors unless expensive selective coat- 
ings are used) cooling water is required for commercially available units, as op- 
posed to the more desirable air cooled units for residential applications. 
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As a result of the current limitations on the ammonia-water systems and the 

lithium bromide-water systems, a research program was initiated to identify pos- 
sible alternate working fluids for solar air conditioning applications. The goal of 
the program was to find the “ideal” refrigerant-absorbent pair which could be 
utilized in an air-cooled unit, and at the same time operate at the lower gener- 
ator temperatures without reducing the cooling or dehumidification capacities. 

SELECTION OF REFRIGERANT-ABSORBENT FLUID CANDIDATES—The criteria 

used in the initial selection of a refrigerant-absorbent pair were high affinity 
(large negative deviation from Raoult’s Law), high solubility, low specific heat, 
low viscosity, stability, corrosion, safety and cost. For solar applications, refriger- 

ants were selected with low boiling points and absorbent fluids were selected 
with a boiling point considerably higher than the refrigerant fluid. Approxi- 
mately 10,000 fluids were evaluated relative to the specified criteria. The Re- 
frigerant-absorbent fluid pairs which survived the evaluation process are given 
in Table 1. The absorber and generator pressures shown in Table 1 are respec- 
tively the nominal operating pressures of the evaporator and condenser of a con- 
ventional absorption cycle air-conditioning system. 

In assessing a refrigerant-absorbent pair as a possible candidate, the solubility 
of the refrigerant in the absorbent is an extremely critical property. If one con- 
structs an absorption cycle on an enthalpy-concentration diagram for a particu- 

lar fluid pair, it becomes obvious that the coefficient of performance of the cycle 
is proportional to the concentration span. That is, the concentration of the re- 
frigerant in the absorbent at the absorber conditions must be greater than the 
concentration of the refrigerant in the absorbent at the generator conditions. 
For the fluid pairs selected, the solubility of the refrigerant in the absorbent was 
not available at the specified thermodynamic conditions of the absorber and the 
generator. Experimental work and the results presented in this paper are con- 
cerned with the measurement of the solubility of the selected fluid pairs. For 
the experiments, the specified thermodynamic conditions for the absorber and 
generator are given in Table 1. The conditions in Table 1 were specified by the 
Chrysler Corporation, Space Systems Division, a prime contractor for the Na- 
tional Aeronautics and Space Administration for the development of a solar 
powered residential air conditioner. 

SOLUBILITY EXPERIMENTS FOR PuRE SOLVENTS—The solubility apparatus 
used in the experiments is shown schematically in Fig. 1. For the fluid pairs in- 
volving the salt solutions the apparatus and procedures were modified slightly 
to accomplish the specified objective. The discussion which follows immediately 
describes the experimental apparatus and procedure used to determine the solu- 
bility of a single component gas in a pure liquid. The case of the dissolved salt 
systems will be discussed in a separate section. The apparatus was designed to 
facilitate changes which could be anticipated in the course of testing a variety of 
refrigerant-absorbent fluid pairs. 

To obtain a small sample of refrigerant from the refrigerant supply the total 
system was evacuated to less than 10 microns of mercury. The refrigerant supply 
valve was then opened to allow a quantity of the refrigerant to be transferred to 
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TABLE 1. Refrigerant-absorbent candidates and test parameters. 

Fluid Absorber Generator 
Pair Conditions Conditions 
Code 100°F (39°C) —170°F (77°C) 
No. Refrigerant Absorbent Pressure (psia) | Pressure (psia) 

1A Methylene Chloride DME-TEG 4.03 15.75 
1B Methylene Chloride Diethylene Glycol 4.03 15.75 
2A Refrigerant 114 DEM-TEG 16.90 52.50 
3A Ethyl Chloride DME-TEG 12037 39.60 
4A Methyl! Chloride Water 47.57 128.00 
4B Methyl Chloride Diethylene Glycol 47.57 128.00 
5A Methanol Water 0.90 5.40 
5B Methanol Diethylene Glycol 0.90 5.40 
5C Methanol DME-TEG 0.90 5.40 
6A Ethanol Water 0.41 2.90 
6B Ethanol Diethylene Glycol 0.41 2.90 
6C Ethanol DME-TEG 0.41 2.90 
7A Water DME-TEG 0.15 2 
7B Water Calcium Nitrate 0.15 122, 
7C Water Lithium Bromide- 0.15 E22 

Propylene Glycol 
(4.2/1.0 by weight) 

7D Water Lithium Bromide- 0.15 1.22 
Lithium Chloride 
4:1 Molal) 

the refrigerant cylinder. This was accomplished by placing the refrigerant cylin- 
der into a liquid nitrogen supply. After condensing an unknown amount of re- 
frigerant in the cylinder the valve was closed and the vessel weighed. 

A known amount of absorbent fluid was transferred to the absorbent con- 
tainer and placed into a constant temperature bath and connected to the gas 
manifold system. The total manifold system was evacuated and then the refriger- 
ant cylinder valve was opened to allow the refrigerant to flow into the absorb- 
ent container. Mechanical agitation was applied to the mixture until an equilib- 

rium pressure was reached. The solvent valve on the absorbent cylinder was then 
closed and the excess refrigerant in the gas manifold was condensed back into 
the refrigerant cylinder by chilling it with liquid nitrogen. The valve on the re- 
frigerant cylinder was then closed and the refrigerant cylinder vessel weighed 
again. The loss in weight represents the amount of refrigerant absorbed in the 
absorbent fluid plus the small amount in the dead space above solution and mi- 

nute residual amounts in the gas manifold system. 

The absorbent vessel and the refrigerant cylinder each had a total volume of 

30cc. The gas manifold was constructed of 1/4 in copper tubing and connected 
to the pressure gauges via the valves, refrigerant supply, refrigerant container, 

absorbent container, solvent vessel, vacuum line and transducer line. The 0-100 

psig and 0-400 pressure gauges were used for initial pressure measurements 

above 15 psia. A 0-15 psia Statham transducer was used for all measurements 
below atmospheric. A 0-100 psig Stratham transducer was used for pressure mea- 
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REFRIGERANT MANOMETER 

STORAGE 0-100 

PSI 

PRESSURE BLEED 

0-400 

| TRANSDUCER _| you 

ag 1. Schematic diagram of experimental apparatus used in solubility studies. 

TRANSDUCER READOUT 

REFRIGERANT ABSORBENT 

surements made at the higher temperatures. The transducer measurements were 
read out on a BLH transducer conditioner and readout unit. 

The 0-100 psig and 0-400 psig gauges were calibrated using a dead weight 
tester. These gauges were found to be accurate to within + 0.1 psia. The 0-15 
psia Statham transducer was calibrated against a mercury manometer and cali- 
bration curves were constructed with the digital readout as the ordinate and 
pressure as the absissca. This permitted the determination of pressure to within 

+ 0.025 psi. 

The mercury manometer was initially used for pressure measurements below 

atmospheric. However, ethyl chloride was found to be soluble in mercury re- 
sulting in the removal of the manometer from the system for pressure measure- 
ments. 

The absorbent vessel was immersed in a Thelco Model 83 constant tempera- 
ture bath. A mercury thermometer was used for measuring the temperature. 
The bath is fitted with a controller which maintains the temperature to within 
eC. 

To determine the solubility as accurately as possible corrections had to be 
applied to the raw-weight data. These corrections consisted of (1) weight of re- 
frigerant in the dead space above solution in the absorbent vessel and (2) weight 

of residual refrigerant in the gas manifold system after condensing the excess 
refrigerant back into the cylinder by chilling with liquid nitrogen. 

To minimize errors in the pressure measurements, the barometric pressure 
was read periodically during the time the solubility measurements were being 
made. The variation in barometric pressure during a given day never exceeded 
+ 0.1 psi. The magnitude of this error contributes a negligible error in the de- 
termination of the solubility of the refrigerant. 
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The correction factor for the weight of refrigerant above solution and the 
residual refrigerant gas in the manifold piping were calculated assuming the gas 
obeyed the perfect gas law. The gas volume above solution was determined by 
two methods (1) calculating the volume of the absorbent in the evacuated ab- 

sorbent vessel volume and (2) making blank runs with known amounts of absorb- 

ent in the solvent container and using air as the refrigerant gas. Since air is essen- 
tially insoluble in the absorbents utilized, both of these methods gave similar 
results. As a secondary check, a few selected material balances were made by 
weighing the absorbent vessel before and after introduction of the refrigerant 
gas. The sum of the final weight (refrigerant + absorbent) minus the losses cal- 
culated should equal the sum of the original weights of refrigerant plus absorb- 
ent. The material balance was within + .02 g out of a total of .5-2.5 g of re- 
frigerant absorbed by 3-5 g of absorbent. To further validate the measurements, 
periodic checks of the system were made to insure the system was leak free. 

To check out the experimental apparatus and techniques used to determine 
the solubility of a given refrigerant-absorbent pair, the published data of S.V.R. 
Mastrangelo (1959) for the Freon-22 and diemthyl-ether of tetraethylene glycol 
(DME-TEG) fluid pair was used as a standard of comparison against this pub- 
lished data as shown in Fig. 2. From Fig. 2, it can be seen that when the excess 
refrigerant in the manifold piping-was condensed back into refrigerant cylinder 
the data obtained agreed very well with published data mentioned previously. 
Even without condensing, data obtained agreed reasonably well within the pub- 
lished data from Mastrangelo (1959). 

0.6 O DuPont Data (DuPont TECHNICAL BULLETIN #RT-28) 

O DATA OBTAINED WITHOUT CONDENSING 

EXCESS REFRIGERANT Pa 

0.5 
A DATA OBTAINED AFTER CONDENSING EXCESS 

REFRIGERANT IN LINES 

Mote FRacTION OF REFRIGERANT 

0 4 8 2 16 20 24 28 32 36 

PRESSURE (PSIA) 

Fig. 2. System calibration data using DuPont refrigerant-22 data as a reference. 
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SOLUBILITY EXPERIMENT FOR LiQuib-SALT SOLUTION—The solubility of water 
(refrigerant) in various salt-liquid solutions (absorbent) was also investigated 

for various water-absorbent pairs. To determine the solubility of the water re- 
frigerant in a liquid salt solution the experimental procedure was slightly modi- 
fied. A solution of refrigerant-absorbent was established in equilibrium with the 
refrigerant vapor at the specified absorber conditions in the absorbent vessel. 

Heat was then applied to the absorbent vessel by immersing it in a second water 
bath fixed at the specified generator temperature of 170°. The pressure of the 

vapor above solution was monitored until a new equilibrium point was estab- 
lished at this new temperature. The new concentration of the refrigerant in the 
solution was then determined by calculating the amount of refrigerant which 
was boiled off as a result of the increased temperature. 

An alternate method was also used which was similar to the procedure fol- 
lowed for the other refrigerants. A known concentration of the salt-liquid solu- 
tion was placed in the absorbent vessel and additional water vapor refrigerant 
added until equilibrium was established at the specified absorber temperature 
and pressure. The concentration of refrigerant in solution was then calculated 
by the technique discussed previously for pure substances. 

To ensure the procedure utilized for the salt solutions was providing valid 
results water-lithium bromide solutions were used as a standard of comparison. 

The data obtained from the water-lithium bromide solutions were within + 3.6% 
of data published in the literature for such solutions. In addition, several runs 
were made with each water-salt solution pair and the results were reproducible 
within + 0.1 psia. 

RESULTS AND Conc usions—Solubility of 16 different refrigerant-absorbent 
pairs were measured over a range of specified pressures and temperatures. The 
thermodynamic test conditions were fixed by the specified operating tempera- 

tures and pressure for the absorber and generator of an absorption-cycle air con- 

ditioning system. The results of the experiments are given in Table 2. 

As one can see from the data presented in Table 2, many of the fluid pairs 
have higher solubilities at the absorber conditions than at the generator temper- 
atures. Additionally, many of the fluid pairs have very low solubilities at the 
absorber conditions. In each of these cases, the fluid pairs are not suitable for ab- 
sorption cycle systems at the specified conditions. However, two fluid pairs ap- 
pear to hold some promise and warrant further studies at higher generator tem- 
peratures. These fluids are the methylene chloride/DME-TEG pair and the 
ethyl chloride/DME-TEG pair. Since in general the solubility of a gas in a liquid 
decreases with temperature and increases with pressure further experimental 
work is necessary to better clarify the suitability of these fluid pairs for solar air- 

conditioning applications. Additional work is being pursued to uncover other 
fluid pairs which appear to be suitable for absorption cycle systems at tempera- 
tures below 200°F (93°C). However, the results of these experiments indicate 

that the lithium bromide-water system is superior to other fluid pairs for solar 
absorption air conditioning applications at current temperatures accessible by 

flat-plate collectors without selective coatings. 
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TaBLE 2. Solubility data for selected refrigerant-absorbent pairs. 

Refrigerant-Absorbent Temperature Pressure Solubility 
Pair °F(°C) psia Mole/Mole 

1A 100 (39) 3.3 0.49 

1A 100 (39) en 0.66 

1B 100 (39) 3.5 0.10 
1B 100 (39) 4.4 0.13 

1A 170 (77) 12.0 0.53 

1A 170 (77) 15.8 0.67 

1B 170 (77) 16.2 0.19 

1B 170 (77) 16.3 0.23 

2A 100 (39) 14.4 0.11 

2A 100 (39) 17.0 0.14 

2A 100 (39) 21:3 0.18 

2A 170 (77) SON 0.09 

2A 170 (77) 45.8 0.17 

2A 170 (77) 50.8 0.19 
4A 100 (39) 57.8 0.005 

4B 100 (39) 54.8 0.18 

3A 100 (39) 7.6 0.26 

3A 100 (39) 9.3 0.27 

3A 100 (39) 12.3 0.50 

3A 170 (77) 37.8 0.45 

3A 170 (77) 39.8 0.49 

5A 100 (39) 0.9 0.001 

5A 100 (39) 1.35 0.04 

5B 100 (39) 0.9 0.21 

5B 100 (39) 0.8 0.13 

5 G 100 (39) 0.9 0.15 
6A Absorbent (water) will vaporize at absorber conditions since P,,,. water 

> P.,,. Ethanol 

6B 100 (39) 0.4 0.004 

6C 100 (39) 0.9 0.04 

7A 100 (39) 1.0 0.36 

7B 100 (39) 0.15 0.26! 

7B 175 (80) 1.05 0.25! 

TC 100 (39) 0.15 0.25! 

he 175 (80) 0.80 0.25! 

7D 100 (39) 0.15 0.39! 

7D 175 (80) 0.52 0.38! 

‘Solubility fractions for these solutions are given as the ratio of weight of refrigerant (water) to total weight 
of solution at the specified temperature and pressure. 

ACKNOWLEDGMENTS—This work was supported by Chrysler Corp., Florida 

Operations under Contract No. NAS8-30756. 

LITERATURE CITED 

Cuunc, R., J. A. Durriz anp G. O. G. Lor. 1963. A study of a solar air conditioner. Mechanical Engi- 

neering 85(31):32-35. 
Curran, H. M. 1975. Assessment of Solar-Powered Cooling Building. ERDA Technical Report NSF- 

Fa-N-75-012. Washington. 
IacuetTA, F. (ed). 1974. Proceedings of the Workshop on Solar Heating and Cooling of Buildings. 

NSF-RA-N-74-126. Washington. 



206 FLORIDA SCIENTIST [Vol. 39 

MasTRANGELO, S. V. R. 1959. Solubility of Some Chlorflouro-hydrocarbons in Tetraethylene Glycol 
Dimethyl Ether, DuPont Tech. Rep. RT 28, E. I. Dupont DeNemours and Co. Wilmington, 
Delaware. 

NASA. 1974. Solar Residential Heating and Cooling System Development Test Program. NASA 
TMX-64924. George C. Marshall Space Flight Center. 

SEMMENS, M. F., P. J. WitBur anp W. S. Purr. 1974. Liquid Refrigerant Storage in Absorption Air 
Conditioners. Pap. No. 74-WA/HT-19. ASME Winter Ann. Mt. New York. 

Florida Sci. 39(3):199-206. 1976. 

CITATION FOR ROBERT NATHAN GINSBURG 

Outstanding Scientist of Florida 
March 19, 1976 

WueETHe_R the need is to establish a new island laboratory, to develop an undergradu- 
ate or graduate curriculum, to lead research for a petroleum company, to organize an 
international conference or field trip for professional geologists, to edit a professional 
publication, or to discover connections between modern algal structures and ancient 
stromatolites, if geological sedimentation is the concern, the man to do it is Dr. Ginsburg. 

Although he was born on the plains of Texas, and acquired B.A., M.A., and Ph.D. 

degrees at the University of Illinois and the University of Chicago, his professional career 
has largely been concentrated on the coasts and waters surrounding the State of Florida. 
He became a Research Assistant at the University of Miami Marine Laboratory as soon 
as he received his Master’s degree in 1950. Then began his studies of carbonate sedi- 
ments, shoaling-upward cycles of sediments, and the roles of organisms in diagenesis and 

intertidal erosion. 
From 1954 to 1965 Dr. Ginsburg conducted his studies as a Research Geologist in 

the Exploration and Production Division of Shell Development Company, bestowing 
special interest on the oolitic sands of the Bahamas. In this capacity he was also respon- 
sible for training programs for many hundreds of petroleum geologists. A stint as pro- 
fessor of Geology and Oceanography at the Johns Hopkins University from 1965 to 1970 
found him organizing another research program in the Bahamas, giving attention to sub- 
sea cementation in the Bermuda reefs, and heading an annual six-week summer seminar 

on Organism-Sediment Relationships at the Bermuda Biological Station. 
In 1970 Dr. Ginsburg returned to the University of Miami as Professor of Sedimen- 

tology, Rosenstiel School of Marine and Atmospheric Science in the Division of Marine 
Geology and Geophysics. In this capacity he has designed, equipped and staffed the new 
Fisher Island T. Wayland Vaughan Laboratory for Comparative Sedimentology with the 
support of the National Science Foundation and most of the major oil companies, while 
extending his personal research on sedimentation to various parts of the earth. 

In addition to delivering numerous invited lectures, teaching and directing the re- 
search of many graduate students, organizing, participating in and editing the proceed- 
ings of innumerable national and international conferences and field trips, serving as 
consultant to many oil companies, the State of Florida, and the National Science Founda- 
tion, Dr. Ginsburg has been Associate Editor of Marine Geology and has been Associate 
Editor of the Journal of Sedimentary Petrology since 1961, was co-founder of the Miami 
Geological Society, and has been President of the Society of Economic Paleontologists 
and Mineralogists. 

The Florida Academy of Sciences takes great pleasure and satisfaction in awarding 
its 1976 Medal to the authority on sedimentology, Dr. RopeErT NATHAN GINSBURG. 



THE FLORIDA ACADEMY OF SCIENCES 

THE FLormDA ACADEMY OF SCIENCES is now in its 40th year and serves as its 

founders intended by sponsoring an annual meeting, publishing a journal of in- 
terest to scientists in Florida and carrying forward programs such as the Junior 
Academy to encourage youth in science. The Academy is incorporated as a non- 
profit scientific and educational organization in Florida and is similarly recog- 

nized by the United States Internal Revenue Service under the provisions of Sec- 
tion 501(c)(3) of the IRS Code. Despite the fact that the Academy serves as an 
important means of communication of scientific research data developed by 
state agencies as well as from the State University System, it is unlike most State 
academies in that it receives no State assistance. Thus, the Academy exists in- 

dependently from governmental support by means of membership dues, sale of 
its publications, occasional gifts or grants and modest registration fees at meet- 
ings. 

Membership in the Academy is highly diversified and embraces physicians, 
engineers, chemists, biologists, sociologists, psychologists, geologists, historians, 
science teachers, students, conservationists, oceanographers, geographers, zoolo- 
gists, astronomers, microbiologists, mathematicians, physicists, botanists, en- 
vironmentalists, meteorologists, agriculturalists, anthropologists and concerned 
citizens interested in science. Although membership is mainly comprised of Flor- 
idians, individual members reside in Latin America, Europe, Asia and Africa 

as well as many states and provinces in North America. Nearly 600 libraries, 
world-wide, subscribe to the Florida Scientist either directly or by way of ex- 
change with the University of Florida Library which purchases subscriptions 
wholesale from the Academy. The possibility exists for similar arrangements with 
other libraries should they wish to undertake such a program. 

Benefits of membership include a subscription to the Florida Scientist, the 
FAS Newsletter, a free program for the Annual Meeting and voting privileges 
in the election of officers and at the Annual Business Meeting. Institutional 
Members are listed in each issue of the Florida Scientist. Corporate members 
may carry a complimentary one-eighth page advertisement of their choice in 
each issue of the Florida Scientist or a one-half page advertisement once in each 
volume. In addition, 100 square feet of complimentary exhibit space will be pro- 
vided at the annual meeting. Life members are exempted from payment of dues 
but enjoy full membership status so long as they live. 

Headquarters for the Florida Academy of Sciences is located in the John 
Young Museum and Planetarium, an independent, membership supported insti- 

tution. The sole employee of the Academy at present is a half-time assistant to 
the Editor of the Florida Scientist and Executive Secretary who, like all other 
officers, serve entirely without remuneration. This somewhat austere modus 

operandi makes possible sufficient funds to maintain the quality of our journal 
which is highly acclaimed among publications of state academies in North Amer- 
ica. New members are always welcome and invited to make their talents known 
as we seek to improve both the image and the constructive impact of science 
for the people of our State. An application is found over-leaf. 
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FLORIDA ACADEMY OF SCIENCES 
APPLICATION FOR MEMBERSHIP 

MEMBERSHIP IN THE FLORIDA ACADEMY OF SCIENCES is open upon application to any 
person or organization interested in scientific research, stimulating interest in the sci- 

ences, diffusion of scientific knowledge, or appreciation of science. Corporate and insti- 
tutional memberships are welcomed. A schedule of membership classes will be supplied © 
upon request to the Executive Secretary at the address below. 

SecTIONS of the Academy are indicated below. Please circle the section of greatest 
interest to you. 

Because membership is for a calendar year, you will receive the full volume of the 
journal for the year in which you join. Dues are established by the schedule below. 

Type of Personal Membership 

Patron____———-_—~»$$: 1,000.00 Sustaining _ $25.00 

eife= tS 300/00 Regular_. = $1300 
Student $3.00 

SECTIONAL NAME 

Anthropological Sciences Conservation Physics and 
Atmospheric and Oceanographic Earth and Planetary Astronomy 

Sciences Sciences Science Teaching 
Biological Sciences Engineering Sciences Social Sciences 
Chemical Sciences (proposed) 

Medical Sciences 

Special Interest 

Name and Preferred Title 

Mailing address for 

the Florida Scientist 
and the Newsletter 

Zip 

Present academic, scientific, industrial, or business affiliation if different from above: 

I wish my membership to become effective with calendar year 

Please make your check or money order payable to the FLoripA ACADEMY OF SCIENCES 
and mail it with your application to: 

FLORIDA ACADEMY OF SCIENCES 
810 East Rollins Street 
Orlando, Florida 32803 



INSTRUCTIONS TO AUTHORS 

Rapid, efficient, and economical transmission of knowledge by means of the printed 

word requires full cooperation between author and editor. Revise copy before submission 
to insure logical order, conciseness, and clarity. 

Manuscripts should be typed double-space throughout, on one side of numbered 
sheets 8% by 11 inch, smooth, bond paper. 

A Carson Copy will facilitate review by referees. 
Marcins should be 1% inches all around. 
Footnotes should be avoided. Give ACKNOWLEDGMENTS in the text. 
Appress should be given following the author’s name. 
Asstracts should be typed double-spaced immediately following the address. 
LiTERATURE CiTep follows the text. Double-space every line and follow the form in the 

current volume. 
TaBLEs are charged to authors at $25.00 per page or fraction. Titles must be short, but 

explanatory matter may be given. Type each table on a separate sheet, double-space, 
unruled, to fit normal width of page, and place after Literature Cited. 

Lecenps for illustrations should be grouped on a sheet, double-spaced, in the torm used 

in the current volume, and placed after Tables. Titles must be short but may be followed 
- by explanatory matter. 

ILLustraTions are charged to authors ($20.00 per page or fraction). Drawings should 
be in India ink, on good board or drafting paper, and lettered by lettering guide or 
equivalent. Plan linework and lettering for reduction, so that final width is 4 5/8 inches, 
and final length does not exceed 7 inches. Do not submit illustrations needing reduction by 
more than one-half. Photographs should be of good contrast, on glossy paper. Do not write 
heavily on the backs of photographs. 

ProoF must be returned promptly. Leave a forwarding address in case of extended 
absence. 

ReEpRINTS may be ordered when the author returns corrected proof. 

FLORIDA ACADEMY OF SCIENCES 

INSTITUTIONAL MEMBERS FOR 1976 

Archbold Expeditions John Young Museum 
Barry College and Planetarium 
Eckerd College Manatee Junior College 
Edison Community College Miami-Dade Community College 
Florida Atlantic University Stetson University 
Florida Institute of Technology University of Florida 
Florida Southern College University of Miami 
Florida State University University of South Florida 
Florida Technological University University of Tampa 
Gulf Breeze Laboratory University of West Florida 
Jacksonville University 

Membership applications, subscriptions, renewals, changes of address, and orders 
for back numbers should be addressed to the Executive Secretary, Florida Academy of 
Sciences, 810 East Rollins Street, Orlando, Florida 32803. 
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PUBLICATIONS FOR SALE 

by the Florida Academy of Sciences 

Complete sets. Broken sets. Individual numbers. Immediate deliv- 
ery. A few numbers reprinted by photo-offset. All prices strictly 
net. No discounts. Prices quoted include postage. 

PROCEEDINGS OF THE FLORIDA ACADEMY OF SCIENCES (1936-1944) 

Volumes 1-7—$10.00 per volume; single numbers $3.50 

QUARTERLY JOURNAL OF THE FLORIDA ACADEMY OF SCIENCES (1945-1972) 
Volumes 8-35—$10.00 per volume; single numbers $3.50 

FLoripa SCIENTIST (1973-1975) 
Volumes 36-38—$10.00 per volume; single issues $3.50 

except for symposium numbers priced separately. 
Complete set of volumes 1-35, $315.00 (10% discount) if ordered prior to December 
31, 1976; $350.00 thereafter. 

Florida's Estuaries—Management or Mismanagement?—Academy sees 
FLoripa SCIENTIST 37(4)—$5.00 

Land Spreading of Secondary Effluent—Academy Symposium 
FLoriDA SCIENTIST 38(4)—$5.00 
Individual orders should be sent with payment. A statement will be sent in response 

to a bona fide purchase order over $10.00 from a recognized institution. Address all 
orders to: 

The Florida Academy of Sciences, Inc. 
The John Young Museum 
810 East Rollins Street 

Orlando, Florida 32803 

PLAN NOW TO ATTEND THE ANNUAL MEETING 

AT THE UNIVERSITY OF FLORIDA, GAINESVILLE 

MARCH 24, 25, 26, 1977 

Do your friends a favor—invite them to join the Florida Academy of Sciences. 


